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T^n-vnnryrj.Tr pfPTrnP. PFWTN TWHTBTTQRS 

This is a continuation-in-part of U.S. Patent 
Application serial No. 390,571, filed August 7, 1989, which 
is a continuation-in-part of U.S. Patent Application Serial 
No. 259,959, filed October 19, 1988. 

The present invention relates to novel con5>ounds and 
compositions which inhibit renin, processes for making such 
compounds, synthetic intermediates employed in these 
processes, and a method of treating hypertension or 
congestive heart failure with such compounds or in 
combination with another antihypertensive agent. The 
present invention also relates to compositions and a method 
for treating glaucoma with such compounds and a method of 
inhibiting retroviral proteases and treating a retroviral 
infection with such compounds. 
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Rankaround Art: 

Renin is a proteolytic enzyme synthesized and stored 
principally in a specific part of the kidney called the 
juxtaglomerular apparatus. Any of three different 
physiologic circumstances may cause the release of renin 
into the circulation: (a) a decrease in the blood pressure 
entering or within the kidney itself; (b) a decrease in the 
blood volume in the body; or (c) a fall in the 
concentration of sodium in the distal tubules of the 
kidney . 

When renin is released into the blood from the kidney, 
the renin-angiotensin system is activated, leading to 
vasoconstriction and conservation of sodium, both of which 
result in increased blood pressizre. The renin acts on a 
circulating protein, angiotensinogen, to cleave out a 
fragment catlled angiotensin I (AI) . AI itself has only 
slight pharamacologic activity but, after additional 
cleavage by a second enzyme, angiotensin converting enzyme - 
(ACE) , forms the potent molecule angiotensin II (All) . The 
major pharmacological effects of All are vasoconstriction 
and stimulation of the adrenal cortex to release 
aldosterone, a hormone which causes sodixmi retention. 
Sodium retention causes blood volume to increase, which 
leads to hypertension. All is cleaved by an aminopeptidase 
to form angiotensin III (AIII) , which, conqpeured to All, is 
a less potent vasoconstrictor but a more potent inducer of 
aldosterone release. 

Angiotensinogen, the natural siibstrate for human renin 
has the following amino acid seqpience. 
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H2N-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Val-Ile-His-Protein 
1 2 3 4 5 6 7 8 9 10 11 12 13 

( Angio t ensinogen ) 

RENIN 



H2N-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-OH (AI ) 

Renin cleaves angiotensinogen at the amide bond between 
amino acid residues 10 and 11 to give angiotensin I (AI) . 

Compounds which are inhibitors of renin generally 
comprise two parts. One part of the compound mimics the 
first 9 amino acid residues of angiotensinogen. The other 
part mimics the Leu-Val cleavage site of angiotensinogen 
and is designed to be non-cleavable by renin. When these 
two parts are combined in one compound, the confound binds 
to renin but is not cleaved. Thus, renin is inhibited from 
acting on its natural substrate angiotensinogen. 

Inhibitors of renin have been sought as agents for 
control of hypertension and as diagnostic agents for 
identification of cases of hypertension due to renin 
excess . 

With these objectives in miiid, the renin-angiotensin 
system has been modulated or manipulated, in the past, with 
ACE inhibitors. However, ACE acts on several substrates 
other than angiotensin I (AI) , most notably the kinins 
which cause such undesirable side effects as pain, "leaky" 
capillaries, prostaglandin release and a variety of 
behavorial and neurologic effects. Further, ACE inhibition 
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leads to the accxamulation of AI. Although AI has much less 
vasoconstrictor activity than AII^ its presence may negate 
some of the hypotensive effects of the blockade of All 
synthesis . 

Inhibition of other t:argets in the renin-angiotensin 
system such as All with coinpounds such as saralasin can 
block All activity, but would leave unimpaired and perhaps 
enhance the hypertensive effects of All I. 

On the other hand, there are no known side effects 
which res\ilt when renin is inhibited from acting on its 
substrate. Considerable research efforts have thus been 
carried out to develop usefiil inhibitors of renin. Past 
research efforts have been directed to renin antibodies, 
pepstatin, phospholipids and substrate analogs such as 
tetrapeptides and octapeptides to tridecapeptides . These 
inhibitors either demonstrate poor activity in inhibiting 
renin production or poor specificity for inhibiting renin 
only. However, Boger et al. have reported that statine- 
containing peptides possess potent and specific renin- 
inhibiting activity (Hatuxa/ Vol. 303, p. 81, 1983) . In 
addition, Szelke and co-workers have described polypeptide 
analogs containing a non-peptide link (Nature^ Vol. 299, p. 
555, 1982) which also cause potent renin inhibition and 
show a high specificity for this enzyme. Recent patents 
have disclosed novel small peptide renin inhibitors which 
contain novel dipeptide isosteres as transition state 
analogs (Szelke, et al., U.S- Patent No. 4,609,643; Boger, 
et al., O.S. Patent No. 4,668,770; Baran, et al.r U.S. 
Patent No. 4,657,931; Matsueda, et al., U.S. Patent No. 
4,548,926; Luly, et al., O.S. Patent No. 4^645,759; and 
Luly, et al.r U.S. Patent No. 4,680,284). 
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The following references disclose peptide renin 
inhibitors which incorporate hydroxyl, substituted amide 
and heterocyclic derivatives of statine and statine 
analogs : 

Luly, et al., U.S. Patent No. 4,845,079, issued July 4, 
1989; 

Fung, et al., PCT Patent implication No. WO88/05050, 
published July 14, 1988; 

Luly, et al., U.S. Patent No. 4,725,584, issued February 
16, 1988; 

Luly, et al., U.S. Patent No. 4,680,284, issued July 14, 
1987; 

Rosenberg, et al., U.S. Patent No. 4,837,204, issued June 
6, 1989; 

Baran, et al., U.S. Patent No. 4,657,931, issued April 14, 
1987; 

Matsueda, et al., U.S. Patent No. 4,548,926, issued October 
22, 1985; 

Morisawa, et al., European Patent Application No. 0228192, 
published July 8, 1987; 

Ten Brink, PCT Patent Application No. WO87/02986, published 
May 21, 1987; 

Buhlmayer, et al., U.S. Patent No. 4,727,060, issued 
F^ruary 23, 1988; 

Buhlmayer, et al., U.S. Patent No. 4,758,584, issued July 
19, 1988; 

Szelke, et al., U.S. Patent No. 4,713,445, issued December 
15, 1987; 

Raddatz, et al., U.S. Patent No. 4,755,592, issued July 5, 
1988; 
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Raddatz, et al., Australian Patent implication No. AU 
76222/87, published February 4, 19B8; 

Ryono, et al., European Patent Application No. EP 0231919, 
published August 12 r 1987; 

Hanson, Biochem. Biophys. Res. Coramun. 122155 (1985); 
Luly, European Patent Application No. EP0189203, published 
July 30, 1986; 

Hanson, et al., European Patent implication No. EP0310070, 
published April 5, 1989; 

Hanson, et al^, European Patent implication No. EP0310.071r 
published April 5, 1989; 

Hanson, et al., European Patent Application No. EP0310072, 
published April 5, 1989; 

Hanson, et al., European Patent Application No. EP0310073, 
published April 5, 1989; and 

Gante, et al., German Patent Application No. DE3721855, 
published September 22, 1988-. 

Thaisrivongs, U.S. Patent No. 4,705,846, issued 
November 10, 1987, discloses peptide renin inhibitors 
incorporating a 5- or 6-meinbered lactam. 

Schostarez, et al., POT Patent Application No. 
W088/ 02374, published April 7, 1988, discloses peptide 
renin inhibitors incorporating a lactam. 

Thaisrivongs, PCT Patent Application No. WO87/05302, 
published September 11, 1987, discloses peptide renin 
inhibitors incorporating a lactam. 

Szelke, et al., U.S. Patent No. 4,713,445, issued 
December 15, 1987, discloses peptide renin inhibitors 
incorporating an azalactam. 
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Boger, et al., U.S. Patent No. 4,782,043, issued 
November 1, 1988, discloses cyclic peptide renin inhibitors 
in combination with other antihypertensive agents. 

Boger, et al., U.S. Patent No. 4,812,442, issued March 
14, 1989, discloses tripeptide renin inhibitors in 
combination with other antihypertensive agents. 

Watkins, PCT Patent Application No. WO87/02581, 
published May 7,1987, discloses the use of renin inhibitors 
for the treatment of glaucoma. 

Stein, et al.., European Patent Application No. 
EP0311012, published April 12, 1989, discloses renin 
inhibitors having a diol substituent which are anti- 
glaucoma agents. 

Peptidyl inhibitors of HIV protease are disclosed by 
Moore, Biochem. Biophys. Res. Commun., 1£2 420 (1989); 
Billich, J. Biol. Chem., 2£1 1790S (1988); and Richards, 
FEBS Lett., 242 113 (1989). 

Pi r>«iir«» nf 1-bft Tnvftntion 

In accordance with the present invention, there are 
renin inhibiting compounds of the formula: 



a pharmaceutically acceptable salt, ester or prodrug 




I 



thereof. 
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(I) 

(II) O or 

(III) CH. 



(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl, 

(V) heterocyclic, or 

(VI) Rg-Q- wherein 
1) Rg is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino, 

V) (alkoxyalkyl) (alkyl) amino, 

vi) (alkoxyalkoxyalkyl) (alkyl) amino, 

vii) aryl, 

viii) arylalkyl, 

ix) aminoalkyl , 

X) (N-protected) aminoalkyl , 

xi) alkoxy, 

xii) substituted loweralkyl wherein 
the substituent is selected from 
alkoxy, thioalkoxy, halogen, 
alkylamino, (N-protected) (alkyl) amino 
and dialkylamino. 
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xiii) 

I 

(CH2)m 

wherein m is 1 to 5 and is 
hydrogen, hydroxy, alkoxy, thioalkoxy, 
alkoxyalkoxy, polyalkoxy, aminor 
(N-protected) amino, alkylamino, 
(N-protected) (alkyl) amino or 
dialkylamino; or 
xiv) 

^/ \ 



wherein Rg is 0, S, SO^, 0=C or RgN 
wherein Rg is hydrogen, loweralkyl or 
an N-protecting group; and 
2) Q is 

i) C=0 or 

ii) CH2, 

with the proviso that X is N when Rj^ is 
an N-protecting group; 
(VII) R54S(0)2- wherein R54 is 

1) amino, 

2) alkylamino, 

3) dialkylamino, 

4) loweralkyl, 

5) haloalkyl, 

6) aryl, 

7) p-biphenyl. 
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8) heterocyclic or 
(VIII) (R55)2^<0)" wherein R^^ is 

1) alkoxy, 

2) alkylamizio or 

3) dialkylamino . 



A and I. are independently selected from 

(I) absent, 

(II) C=0, 

(III) and 

(IV) CH2. 



D is 

(I) C=0, 

(II) or 

(III) CH.^- 

Y is 

(I) N or 
(ID C2i. 



R2 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CH2-RiQ-{CH2)q-R3^3^ wherein 

1) q is 0, 1 or 2, 

2) Rj^Q is absent or R^^q is 0, NH 
or S only when q is 1 or 2, and 

3) K^j^ is 

i) aryl or 
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ii) heterocyclic. 

Z is 

(I) hydrogen or 

(II) -RjgCCORjg/ -R28S(0)2R29 or -R28-C(S>R29 

wherein 

1) is 
i) NH, 

il) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 

iii) CH2 and 

2) is 

i) alkoxy, 

ii) benzyloxyr 

iii) alkylamino, 

iv) dialkylamino, 

v) aryl or 

vi) heterocyclic. 

R3 is 

(I) hydrogen, 
(ID loweralkylr 

(III) loweralkenylr 

(IV) cycloalkylalkylf 

(V) cycloalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkylr 
(Villi) (alkoxyalkoxy) alkylr 

(IX) (polyalkoxy) alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl . 
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n is 0 or 1. 

T is a mimic of the Leu-Val cleavage site of 
angiotensinogen . 

The term "mimic of the Leu-Vai cleavage site of 
angiotensinogen" as used herein includes 



H OH 



wherein is 



(I) loweraJ.kyl, 

(II) cydoalkylalkyl or 

(III) arylalkyl; and 



R5 is 



(I) 




> 



wherein loweralkyl, 
(II) 

Q 



wherein 
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1) M is 

i) 0, 

ii) S or 

iii) NH; 

2) Q is 

i) 0 or 

ii) S; 

3) B is 

i) 0, 

ii) S, 

iii) CHRgj^ wherein Rg^^ is 

lower alky Ir 

iv) C^CHg or 

V) NRj^g wherein R^^g is 

a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy, 

e) alkoxy, 

f ) amino or 

g) alkylamino; 

and 

4) G is 

i) absent, 

ii) CHj or 

iii) NR^9 wherein R^g is 
hydrogen or loweralkyl, 

with the proviso that when G is NR^^g, 
then Rjg is loweralkyl or 
hydroxyalkyl; 
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(III) 



-(CH2)v-C(0)— N 



i I 

W 



wherein 



1) V is 0 or 1 and 

2) is 



i) NH, 

ii) O, 



iii) S or 

iv) SO^; or 



(IV) a substituted metliylene group. 
The term "mimic of the Leu-Val cleavage site of 
angiotensinogen" as used herein also includes the 
substituents (T) disclosed in the following references : 

Luly, et al.^ U.S. Patent No. 4,645,759, issued February 
24, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R4, R5, Rg, R7, Rg, R9 and X are as defined 
therein; 

Luly, et al., U.S. Patent No. 4,652,551, issued March 24, 
1987,. which is hereby incorporated by reference, discloses 
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miniics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein R4r Rsr R6f ^7/ R8/ ^9 and X are as defined 
therein; 

Luly, et al., U.S. Patent No. 4,680,284^ issued July 14, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen* 
having the formula 



wherein is as defined therein; 

Luly, et al., U.S. Patent No. 4,725,584, issued February 
16, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 




R5 Rg R9 
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wherein R3 and R4 are as defined therein; 

Luly, et al., U.S. Patent No. 4,725,583, issued February 
16, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



R3 R5 

wherein R3, R4 and R5 are as defined therein; 

Rosenberg, et al., U.S. Patent No. 4,837,204, issued June 
6, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



Luly, et al., U.S. Patent No. 4,845,079, issued July 4, 
1989, which is hereby incorporated by reference^ discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 





wherein R4, R5, Re, R? and X are as defined therein; 
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wherein R4, R5/ R6, R?, Rs and Rg are as defined there 

Sham, U.S. Patent No. 4,826,958, issued May 2, 1989, ^ 
is hereby incorporated by reference, discloses mimics 
•the Leu-Val cleavage site of angiotensinogen having t 
formula 



wherein R4, Rsr Re. R7> R9 and X are as defined therein; 

Rosenberg et al., U.S. Patent No. 4,857,507, issued August 
15, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



R5 

wherein R4, R5. R6/ R?/ RSr R9 and E are as defined 



Luly, et al., U.S. Patent No. 4,826,815, issued May 2, 
1989, which is hereby incorporated by reference, discloses 





therein; 
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mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein B^r R5, Rsr R7r Rsr ^9 a»d X are as defined 
therein; 

Bender^ et al., U.S. Patent No. 4,818,748^ issued April 4, 
1989, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Ri, J, L, M and Q are as defined therein; 

Fuhrer, et al., U.S. Patent No. 4,613,676, issued 
September 23, 1986, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 



R3 O 

wherein R2/ R3/ R4f Rs and Re are as defined therein; 
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Riniker, et al., U.S. Patent No. 4,595,677, issued June 
17, 1986, which is hereby incorporated by reference, 
discloses miitdcs of the Leu-Val cleavage site of 
angiotensinogen having the formula 
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Szelke, et al., U.S. Patent No. 4,609,643, issued 
September 2, 1986, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 

-A-B-Z-W 

wherein A, 2 and W are as defined therein; 

Szelke, et al., U.S. Patent No. 4^650,661, issued March 
17, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-A-B-Z-W 

wherein A, B, Z and W are as defined therein; 

Szelke, et al., 0»S. Patent No. 4,713,445, issued December - 
15, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-A-B-Z-w 

wherein A, B, Z and W are as defined therein; 

lizuka, et al., U.S. Patent No. 4,656,269, issued April 7, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 
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H OH 



O 




wherein n, X and R2 are as defined therein; 

lizuka, et al., U.S. Patent No. 4,711,958, issued December 
8, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein X is as defined therein; 

Kleinman, et al., U.S. Patent No. 4,729,985, issued March 
8, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R2/ mr w2, R3 and R4 are as defined therein; 

Hoover, U.S. Patent No. 4,668,769, issued May 26, 1987, 
which is hereby incorporated by reference, discloses 



H 



OH 
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mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein X and R2 are as defined therein; 

Hooverr et al., U.S. Patent No. 4^814,342^ issued March 
21, 1989/ which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein X, W and are as defined therein; 

Bindra, et al., U.S. Patent No. 4,749,687, issued June 1, 
1988, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula ' 






R2 

wherein Ri, R2 and R3 are as defined therein; 



Hoover, et al., U.S. Patent No. 4,814,342, issued March 
21, .1989, which is hereby, incorporated by reference. 
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discloses mimics of the Leu-Val cleavage site of 



wherein X, W and are as defined therein; 

Matsueda, et al., U.S. Patent No. 4,698,329, issued 
October 6, 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 



wherein R3 and X are as defined therein; 

Matsueda, et al., U.S. Pateht No. 4,548,926, issued 
October 22, 1985, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 



But 

wherein But and X are as defined therein; 

Wagnon, et al., U.S. Patent Ko. 4,725,580, issued February 
16, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



angiotensinogen having the formula 
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OH o 



wherein Zi, Y and R4 are as defined therein; 




Wagnon, et al., U.S. Patent No. 4,746,648^ issued May 24, 
1988/ which, is hereby incorporated by reference^ discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Zi, X, Y and R4 are as defined therein; 

Cazaubon, et al., U.S. Patent No. 4,481,192, issued 
November 6, 1984, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 

-Statyli-Ala-Statyl2-R ' 
wherein Statyli, Ala^ Statyl2 and R' are as defined 
therein; 

Hansen, et al., U.S. Patent No. 4,722,922, issued February 
2, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



OH 



O 
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wherein R3, R4/ RS/ n and Re are as defined therein; 

Hansen, et al., U.S. Patent No. 4,510,085, issued April 9, 
1985, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein R2 is as defined therein; 

Baran, et al., U.S. Patent No. 4,657,931, issued April 14, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Ri, n and R5 are as defined therein; 

Hansen, et al., U.S. Patent No. 4,514,332, issued April 
30, 1985, which is hereby incorporated by reference. 




H 



OH 



OH 
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discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 




Natarajan, et al., U.S, Patent No. 4^757,050, issued July 
12, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

OH R2 O R9 

R3 O Ri O 

wherein Ri, R2f R3/ R9 and Rio are as defined therein; 

Gordon, U.S. Patent No. 4,749,781, issued June 7, 1988, 
which is hereby incorporated by reference, discloses 
mixnics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

OH 

R3 o 

wherein Ri, Rzr ^3 and -R9 are as defined therein; 

Ryono, et al., U.S. Patent No. 4,665,193, issued May 12, 
1987, which is hereby incorporated by reference, discloses 
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mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Ri, R2, R3f R4 and A are as defined therein; 

Ryono, et al., O.S. Patent No. 4,616,088, issued October 
7, 1986, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R2/ R3/ R4 and A. are as defined therein; 

Ryono, et al., OlS. Patent No. 4,629,724, issued December 
16, 1986, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R2/ R3/ R4f R/ Rl2 and A are as defined 
therein; 






wo 90/04917 



PCT/US89/04649 



-28- 



Patel, U.S. Patent No. 4^820^691, issued April 11, 1989, 
which is hereby incorporated by reference^ discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Ri and R3 are as defined therein; 

Thais rivongs,. U.S. Patent No. 4^705,846, issued November 
10, 1987, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-E10-F11-G12-H13-I14-Z 
wherein Eio/ Fn, Gx2r Hl3f ^14 and Z are as defined 
therein; 

Hudspeth, et al.r U»S. Patent No. 4,743,585, issued May 
10, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-T- (C) n-W- (D ) n-V- (E) n-U 
wherein T, C, W, D, V, E, U and n are as defined therein; 

Hudspeth, et al., U.S. Patent No. 4,735,933, issued April 
5, 1988, which is hereby incorporated by reference. 



O 
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discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-Y-W-U 

wherein Y, W and U are as defined therein; 

Kaltenbronn, et al., O.S. Patent No. 4,804,743, issued 
February 14, 1989, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 

-T-O-V-W 

wherein T, 0, V and W are as defined therein; 

Pinori, et al., U.S. Patent No. 4,560,505, issued December 
24, 1985, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



Tyr-Lys 




wherein Tyr and Lys are as defined therein; 

Yamato, et al., U.S. Patent No. 4,683,220, issued July 28, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-val cleavage site of angiotensinogen 
having the formula 
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Boger, et al., U.S. Patent No. 4,668,770, issued May 26, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

^(CHj), O 
wherein R^f ^4/ 5f ^ smd E are as defined therein; 

Boger, U.S. Patent No. 4,668|r663, issued May 26, 1987, 
which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

OH O R. 

^(CH2)„. O 
wherein Ra, R4/ m'^ B and F are as defined therein; 



Bock, et al., U.S. Patent No. 4,636,491, issued January 
13, 1987, which is hereby incorporated by reference. 
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discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



OH 

wherein R3, R4, m' and E are as defined therein; 



Bock, et al., U.S. Patent No. 4,663,310, issued May 5, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



O 

B4 

wherein G, R4, J, B and L are as defined therein; 

Boger, et al., U.S. Patent No. 4,661,473, issued April 28, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



o 

R4 

wherein G, R4, J, B and L are as defined therein; 
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Veber, et al., U.S. Patent No. 4,479,941, issued October 
30, 1984, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R3, R4 and E are as defined therein; 

Boger, et al., U.S. Patent No. 4,470,971, issued September 
11, 1984, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the fonmila 



wherein R3, R4, R5, B and E are as defined therein; 

Veber, et al., U.S. Patent No. 4,384,994, issued May 24, 
1983, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 
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wherein Ri, R2, Rs. R4 and B are as defined therein; 

soger, et al., U.S. Patent No. 4,812,442, issued March 14, 
1989, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

-G-J 

wherein G and J are as defined therein; 

Evans, U.S. Patent No. 4,665,055, issued May 12, 1987, 
which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein R4, R5, B and C are as defined therein; 

Evans, et al., U.S. Patent No. 4,609,641, issued September 
2, 1986, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 



wherein Ri, R2/ X, Y, B and C are as defined therein; 




angiotensinogen having the formula 
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Patchett, et al., U.S. Patent No. 4,839,357, issued June 
13, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-G-J 

wherein G and J cure as defined therein; 

Boger, et al., U.S. Patent No. 4,812,442, issued March- 14, 
1989, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having, the formula 

-G-J 

wherein G and J are as defined therein; 

Boger, D.S. Patent No* 4,665,052, issued May 12, 1987, 
which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein R3, R4, Rsr m and F are as defined therein; 

Veber, et al., U.S. Patent No. 4,478,826, issued October 
23, 1984, which is hereby incorporated by reference. 




OH 0 



O 
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discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



OH 



.CHa O R48 



wherein R3, R4, R4a, B and E are as defined therein; 

Boger, et al., U.S. Patent No. 4,485,099, issued November 
27, 1984, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



OH O 



wherein R3, R4, Rs. m and F are as defined therein; 

Boger, et al., O.S. Patent No. 4,477,440, issued October 
16, 1984, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
emgiotensinogen having the formula 

OH O R4 

wherein R3, ^4, m", E, F and G are as defined therein; 
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Raddatz, et al.^ U.S. Patent No. 4,721,776, issued January 
26, 1988, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R2/ R3r R4f Rs/ B and D are as defined therein; 

Holzemann, et ai., U.S. Patent No. 4,709,010, issued 
November 24, 1987, which is hereby incorporated by 
reference, discloses mimics of the Leu-Val cleavage site 
of angiotensinogen having the formula 



wherein R, Ri, R2/ n and Y are as defined therein; 

Raddatz, et al., U.S. Patent No. 4,812,555, issued March 
14, 1989, which is hereby incorporated by reference, 
discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R2, R3, R4/ n and E axB as defined therein; 




NH 



OH o 
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Raddatz, et al., U.S. Patent No. 4,755,592, issued July 5, 
1988, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

-W-E-W'-Y 

wherein W, E, W and Y are as defined therein; 

Raddatz, et al., U.S. Patent No. 4,666,888, issued May 19, 
1987, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein Ri, E, G and Y are as defined therein; 

Wagnon, et al., U.S. Patent No. 4,840,935, issued June 20, 
1989, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
havdLng the f onmala 





wherein R4, R5, Q and X are as defined therein; 
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liziika, et al., U.S. Patent No. 4,841^067, issued June 20, 
1989 1^ which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 



wherein n and X are as defined therein; 

Raddatz, et al,, U.S. Patent No. 4,829,053, issued May 9, 
1989, which is hereby incorporated by reference, discloses 
mimics of the Leu-Val cleavage site of angiotensinogen 
having the formula 

-N (R2) -CH (Ra) -CR4- (CHR5) n-C (O) -E-N (Rg) - (CH (R7) ) s"^ 

wherein n, s, R2/ R3/ R4/ R5/ Rer R?/ E and D are as 
defined therein; 

European Patent Application No. £P 02 6410 6, published April 
20, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



H OH 





wherein R4, R5, Rg and R7 are as defined therein including 
R4 is hydrogen or loweralkyl; R5 is hydrogen, loweralkyl 
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or an amino acid residue; Rg is loweralkyl, cycloalkyl, 
cycloalkylalkyl or arylalkyl and R7 is hydroxy, alkoxy, 
substituted alkoxy, amino, substituted amino or an N- 
heterocycle; 

European Patent Application No. EP0272583, published June 
29, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Rs, ^6, R? and Re are as defined therein including 
R5 is hydrogen or loweralkyl; Rg is hydrogen, loweralkyl, 
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl or an amino 
acid residue; and R7 and Re are independently selected 
from hydrogen, loweralkyl, cycloalkyl, cycloalkylalkyl or 
arylalkyl; 

European Patent Application No. EP0309766, published April 
5, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R5, Re and A are as defined therein including R5 
is hydrogen or loweralkyl; Rg is hydrogen, loweralkyl. 
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cycloalkyl, cycloalkylalkyl, aryl, aralkyl or 
heterocyclic; and A is -CH(0H)-(C2i)q-R7 wherein q is 0-5 
and R? is hydrogen, loweralkyl/ cydoalkyl, 
cycloalkylalkyl, aryl, arylalkyl, heterocyclic, 
siabstituted thioalkyl, substituted sulfone, substituted 
sulfoxide, substituted amine, quaternized a m i n e, 
heterocyclic, carboxyalkyl, alkoxycarbonylalkyl or 
amidoalkyl; 

European Patent Application No. EP 0300 18 9, published 
Jainuary 25, 1989, discloses xnimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



OH 




wherein R4 is as defined therein including R4 is 
loweralkyl; 

European Patent Application No, EP0283970, published 
September 28, 1988; discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



OH 
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wherein R4 is as defined therein including R4 is 
lower alky 1; 

European Patent Application No. EP0255082, published 
February 3, 1988, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 

OH 

wherein R2r R3 and R4 are as defined therein including R2 
is hydrogen, alkyl, cyclcoalkyl, cycloalkylalkyl, aryl or 
arylalkyl; R3 is hydrogen, alkyl or arylalkyl; and R4 is 
-X-(CH2)n'-R7 wherein X is absent, O or S, n' is 0-4 and Ri 
is hydrogen, hydroxy, amino, heteroaryl or -CH (Rg) - (CH2)p- 
Y-(CH2)q-Rio wherein p, q, Y and RIO are as defined 
therein; 

European Patent Application No. EP0230242, published July 
29, 1987, discloses mimics of the Leu-Val cleavage site oi 
angiotensinogen having the formula 



OH 




wherein R2, R3 and R4 are as defined therein including R2 
is hydrogen, alkyl, cycloalkylalkyl, aryl or arylalkyl; R3 
is hydrogen, alkyl or alkenyl; and R4 is -N(R5)-CH(R6) - 
(CH2)n-Ar or -N(R5)-CH(R6)-CH-CH-(CH2)m-Ar wherein n is 0- 
6, m is 0-4, R5 is hydrogen or alkyl and Re is hydrogen. 
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alkylr hydroxyalkyl^ alkoxyalkyl^ thioalkoxyalkyl, 
carboxyalkyl, alkoxycarbonylalkyl/ haloalkyl, 
alkylaminoalkyl, alkoxycarbonylaminoalkyl or 
ary lalkoxycarbony laminoalky 1 ; 

European Patent Application No. EP0310015/ piablished April 
5, 1989^ discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula . 



wherein R2/ Ksr ^4 and R9 are as defined therein including 
R2 is hydrogen, alkyl/ cycloalkyl, cycloalkylalkyl, aryl 
or arylalkyl; R3 is hydrogen, alkyl, aryl or arylalkyl; R9 
is hydroxy or fluoro; and R4 is -(CH2)p-X-(C*H2)q-R7 wherein 
p is 0-4, q is 0-4, X is -CF2-f -C(0)- or -CHCRs)- wherein 
Re is alkyl, aUcoxy, thioalkoxy, alkylamino, hydroxy, 
azido or halo and R7 is hydrogen, hydroxy, amino, aryl or 
heteroaryl; 

European Patent Application No. EP0315574, published May 
10, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 






R2 

(B is a boron atom) 
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wherein Rz, X, Y, R3 and R4 are as defined therein 
including R2 is hydrogen, alkyl, cycloalkyl, 
cycloalkylalkyl, aryl or heterocyclic; X and Y are 
independently selected from 0 or -N(Ri3)- wherein R13 is 
hydrogen, alkyl or substituted alkyl; and R3 and R4 are 
independently selected from hydrogen, alkyl or aryl; or 
the boron containing substituent is a boron containing 
cyclic group; 

Japanese Patent Application No. J63275552, published 
November 14, 1988 discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



European Patent Application No. EP 0252727, published 
January 13, 1988, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein Y and R are as defined therein including Y 
NH and R is alkyl, cycloalkyl or halogenated alkyl; 



OH 




OH 
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European Patent implication No. EP 0244083, px±>lishecl 
Noveznber 4, 1987, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein X is as defined therein including X is alkoxy, 
alkyaleuaino, cycloalkyloxy, morpholino and haloalkoxy. 

European Patent Application No. EP0216539, published T^ril 
1, 1987, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein n, Y and R2 are as defined therein including n is 
0-1, Y is O or NH and R2 is alkyl; 

European Patent Application No. EP0206807, published 
December 30, 1986, discloses mimics of the Leu-Val - 
cleavage site of angiotensinogen having the formula 
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OH 



O 




(CH2)„ Z-R 



wherein n, 2 and R are as defined therein including n is 0 
1, Z is O or NH and R is alkyl; 

European Patent Application No. EP0190891, published 
August 13, 1986, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein n and X' are as defined therein including n is 0-1 
and X' is alkoxycarbonyl, aralkoxycarbonyl, or -C(0)NRiR2 
wherein Ri is hydrogen, alkyl or aralkyl and R2 is alkyl or 
-CH2-y-R wherein Y is 0 or NH and R is alkyl or aralkyl; 

European Patent Application No. EP0181110, published May 
14, 1986, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



R4 

wherein R3 and R4 are as defined therein including R3 is 
-CHO or -CH2OH and R4 is isobutyl or benzyl; 



OH 
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European Patent implication No. EP0297816/ piablished 
January 4, 1989, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 




wherein n, Ri and R2 are as defined therein including n is 
0-1, Ri is -NH2f alkylamino, alkoxyr or 

2-alkoxycarbonylpyrrolidin-l-yl and R2 is alkyl, alkenyl/ 
haloalkenyl or azide substituted alkenyl; 

European Patent Application No. EP0297815, published 
January 4, 1989, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein Y and R2 are as defined therein including Y is 
-CH{OH)- or -C(0)- and R2 is -CF2C{0)NHCH3f -CF3 or 
-CF2C (CH2CH (CH3) 2) CO2C2H5; 

European Patent Application No. EP0212903, published March 
4, 1987, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 
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OH R2 



k 

wherein m, Ri, R2, R3/ R4 and w2 are as defined therein 
including m is 0-1, Ri and R2 are independently selected 
from hydrogen, alkyl, alkenyl, phenyl, naphthyl, 
cydoalkyl, cycloalkenyl, phenylalkyl, naphthylalkyl, 
cycloalkylalkyl and cycloalkenylalkyl, R3 and R4 are 
independently selected from alkyl, phenyl, naphthyl, 
cydoalkyl, adamantyl, phenylalkyl, naphthylalkyl, 
cycloalkylalkyl and adamant ylalkyl ; or R3 is hydrogen and 
R4 is -CH(R7) (CH2)p{Q)rCH(R8) (CH2)q-Y wherein p and q are 
independently selected from 0,1,2,3,4,5 and 6, r is 0-1, Q 
is -CH2-, -CH=CH-, -0-, -NH-, -CH(OH)- or -C (O) -, Y is 
methyl, phenyl, -C(0)0R9, -CCONRgRio, -C(0)NHC(0)OCH2C6H5, 
-NH2, -NHC (O) CH2C6H5, -NHCH(CH2C6H5)C(0)OR9 or 
-NHCH(CH2C6H5)C(0)lIR9Rio wherein R9 and Rio are 
independently selecterd from hydrogen, alkyl, phenyl, 
cydoalkyl, phenylalkyl, cycloalkylalkyl or adamantyl, and 
R7 and Rb are independently selecterd frcMn hydrogen, alkyl, 
phenyl, cydoalkyl, phenylalkyl, cycloalkylalkyl or 
adamantyl; or R3 and R4 taken together with the nitrogen to 
which they are attached form a pyrrole, indoline, 
isoindoline, piperidine, 1, 2, 3, 4-tetrahydroquinoline^ 
1,2,3,4-tetrahydroisoquinoline, perhydroazepine or 
morpholine ring; and w2 is -NHCH ( (CH2) 3R6) -C (O) - wherein Re 
is -NH2, -NHC («NH) NH2 or -CH2NH2; 
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PCT Patent Application No. WO 88/03022^ published May 5, 
1988^ discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein n, Y and D are as defined therein including n is 0- 
1, Y is isobutyl, allyl or benzyl and D is 2- 
carboxypyrrolidin-l-yl or -ZR wherein Z is O or NH and R is 
alkyl, phenyl or stabstituted alkyl or substituted phenyl; 

German Patent Application No. DE3725137, published August 
6, 1986, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R^ Ri/ Rzr Rsr R4r Rs/ RS/ B and Y are as defined 
therein including R is hydrogen, alkyl, cycloalkyl, 
cycloaJ-kylalkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, Rl is hdyroxy, alkoxy or aryloxy, R2 is 
hydrogen or Ri and R2 taken together is 0x0 (*0) , R3, R4, 
R5 and R6 are independently selected from hydrogen, fluoro, 
chloro, alkyl, cycloalkyl, cycloalkylalkyl, aryl, 
arylalkyl, heteroaryl and heteroarylalkyl, B is a peptide 
chain containing from 1 to 10 amino acid residues and Y is 



OH 



Y 
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hydroxy or a protecting group for the peptide carboxy 
group; 

British Patent implication No. GB2203740, published 
October 26, 1988, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 

^3^ Rj 

NH 



Wherein Ri, R2, R3r ^4 and B are as defined therein 
including Ri is a hdyrophobic or hydrophilic side chain, R2 
is hydroxy or amino, R3 is hydrogen or R2 and R3 taken 
together is 0x0 (-0) , R4 is a hydrophobic or hydrophilic 
side chain and B is 

-1IHCH(R6)C(R7) (R8)C<R9) (Rio ) CH2C (0) NR11R12 wherein Re is Ri, 
R7 and Rg are the same as R2 and R3, R9 and Rio are 
independently selected from hydrogen and fluoro and Rn and 
R12 are independently selected from hydrogen, alkyl, 
arylalkyl, heteroarylalkyl and -CH (Ri3)C (0)Ri4 wherein Ri3 
is alkyl or hydroxyalkyl and R14 is hydroxy, alkoxy, amino, 
alkylaraino, aminomethylpyridyl or benzyl; 

British Patent Application No. GB2200115, published July 
27, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wo 90/04917 



PCTA}S89/04649 



-50- 

Rif R2/ ^3f R4f RSf D and Y are as defined therein 
including Ri is hydrogen or alkylr R2 is an amino acid side 
chain, R3 is hydrogen, hydroxy, aryloxy or amino, R4 and R5 
are independently selected from hydrogen, alkyl, arylalkyl. 



heteroarylalkyl and -CH{Ri2)C(0)Ri3 wherein R12 is alkyl or 
hydroxyalkyl and R13 is hydroxy, alkoxy, amino, alkylamino, 
aminomethylpyridyl or benzyl; or -NR4R5 represents 
pyrrolidinyl, piper idinyl, morpholinyl, piper azinyl or 
substituted piperazinyl; D is a bond, O, -N(Ri)- or 
-CH{Ri)- and Y is -C(O-)-, -S(0)2- or -P(0)-; 

German Patent Application No. DE3830825, published March 
23^ 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R4,' R5, R5, R7, Re, R9, Rio and X are as defined 
therein including R4 is a hydrophilic or hydrophobic amino 
acid side chain, R5 is hydroxy or amino, Rg is hydrogen or 
R5 and Re taken together are 0x0 (=0) , R7 and Rg are 
independently selected from hydrogen and fluoro, R9 and Rio 
are independently selected from hydrogen, alkyl cind 
-CH (Rii) C (O) R12 wherein Rn is alkyl or hydroxyalkyl and R12 
is hdyroxy, alkoxy, amino, alkylamino, aminomthylpyridyl, 
benzyl or -NH-(CH2CH20)m~Ri wherein m is 1-20 and Ri is as 
defined therein; and X is a bond or O, NH or -CCRis) (Ri4)- 
wherein R13 eind R14 are independently selected from 
hydrogen, fluoro or R4; 




R4 R7 Rg O 
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Japanese Patent Application No. J62246546, published 
October 21, 1987, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein R4 and R5 are as defined therein including m is 
0-1, R4 is alkyl, cycloalkyl or phenyl and R5 is alkyl or 
substituted alkyl as defined therein; 

European Patent Application No. EP0274259, published July 
13, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein R4 and R5 are as defined therein including R4 is 
alkyl, hydroxyalkyl^ (heterocyclic) alkyl, aminoalkyl, 
alkylaminoalkyl or dialkylaminoalkyl and R5 is hydrogen or 
alkyl; 





European Patent Application No. EP0228192, published July 
8, 1987, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 
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OH 



O 




^--A -^(CHPe) • C{0) - NH)„ - 



wherein m, n, R5, Rg and R7 are as defined therein 
including m and n are independently selected from 0 and 1/ 
R5 is aikyl, cycloalkyl or phenyl, Rg is alkyl and R7 is 
alkyl or substituted alkyl as defined therein; 

European Patent Application No. EP0273893, published July 
6, 1988, discloses mimics of the Leu-Val cleavage site of 
cingiotensinogen having the formula 



wherein R5, Rg and Y are as defined therein including R5 is 
alkyl or cycloaUcyl, Rg is hydrogen or alkyl and Y is 
-SCH(CH3)2 or -S (0) 2CH (CH3) 2; 

European Patent Application No. EP0310070, published April 
5, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R5 and R7 are as defined therein including Ri 
is hydrogen, alkyl, haloalkyl, alky Icy cloalkyl, 
alkylcycloalkenyl or alkoxycarbonyl, R5 is hydrogen or 




OH 
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alkyl and R7 is cycloalkyl, phenyl, cycloalkylalkyl or 
phenylalkyl; 

European Patent Application No. EP0310071, published April 
5, 1989, discloses mimics of the Leu-Val cleavage site of 



wherein Ri, R5 and R7 are as defined therein including Ri 
is hydrogen, alkyl, haloalkyl, alkylcycloalkyl, 
alkylcycloalkenyl or alkoxycarbonyl, R5 is hydrogen or 
alkyl and R7 is cycloalkyl, phenyl, cycloalkylalkyl or 
phenylalkyl; 

European Patent Application No. EP0310072, published April 
5, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R5 and R7 are as defined therein including Ri 
is hydrogen, alkyl, haloalkyl, alkylcycloalkyl, 
alkylcycloalkenyl or alkoxycarbonyl, R5 is hydrogen or 
alkyl and R7 is cycloalkyl, phenyl, cycloalkylalkyl or 
phenylalkyl; 



angiotensinogen having the foznrula 





R. 
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European Patent Application No. EP0310073, published April 
5, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Ri, R5 and R7 are as defined therein including Ri 
is hydrogen, alkyl, haloalkyl, alkylcycloalkyl, 
alkylcycloalkenyl or alkoxycarbonyl, R5 is hydrogen or 
alkyl and R7 is cycloalkyl, phenyl, cycloalkylalkyl or 
phenylalkyl; 

European Patent Application No. EP0313847, published May 
3, 1989, discloses mimics of the Leu-Val cleavage site of 
euigiotensinogen having the formula 



wherein Ri, R5 and Rg are as defined therein including Ri 
is hydrogen, alkyl, haloalkyl, alkylcycloaJJcyl, 
alkylcycloalkenyl or alkoxycarbonyl, R5 is hydrogen or 
alkyl and Rg is cycloalkyl, phenyl, cycloalkylalkyl or 
phenylalkyl ; 

European Patent Application No. EP0296581, published 
December 28, 1988, discloses mimics of the Leu«-Val 
cleavage site of angiotensinogen having the formula 
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O 




wherein Ri and R3 are as defined therein including Ri is 
hydrogen, arylalkyl, aryl, (heterocyclic) alky 1 or 
heterocyclic and R3 is hydrogen, allcyl, haloalkyl, 
arylalkyl, (heterocyclic) alky 1, hydroxyalkyl, alkoxyalkyl, 
aminoalkyl, mercaptoalkyl, thioalkoxyalkyl, 
hydorxyalkoxyalkyl, aminoalkoxyalkyl, 

hydroxythioalkoxyalkyl, carboxyalkyl, aminothioalkoxyalkyl, 
guanidinoalkyl, aminocarbonylalkyl or imidazolylalkyl; 

European Patent Application No. EP0231919, published 
August 12, 1987, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 



wherein Ri and R3 are as defined therein including Ri is an 
N-heterocyclic ring and R3 is hydrogen, alkyl, 
cycloalkylalkyl, haloalkyl, arylalkyl, (heterocyclic) alkyl, 
hydroxyalkyl, alkoxyalkyl, alkoxyalkyl, aminoalkyl, 
mercaptoalkyl, tioalkoxyalkyl, hydroxyalkoxyalkyl, 
aminoalkoxyalkyl, hydroxythioalkoxyalkyl, carboxyalkyl, 
aminothioalkoxyalkyl, guanidinoalkyl, aminocarbonylalkyl or 
imidazolylalkyl ; 



OH 




wo 90/04917 



PCrAJS89/04649 



-56- 

PCT Patent Application No. WO 87/05302, pxablished May 3, 
1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-E10-F11-G12-H13-I14-2 

' wherein Eior Fu^ Gizr H13/ Ii4 and Z are as defined therein 
including -Eio-Fu- is 




wherein Ri is hydrogen, alkyl, aryl, cycloalkyl, 
heterocyclic, alkoxy or thioalkoxy, Rn is hydrogen, alkyl, 
benzyl, cycloalkyl, hydroxyalkyl, cycloalkylalkyl, 
arylalkyl; (heterocyclic) alkyl, alkoxyalkyl or 
thioalkoxyalkyl, R22 is hydrogen or alkyl and R23 is 
hydroxyalkyl, aminoalkyl,. aryl or alkyl, G12 is absent or 
an amino acid residue, H13 is absent or an amino acid 
residue, I14 is absent or an amino acid residue and Z is 
hydroxy, substituted alkoxy, substituted amino or cyclic 
amino; 

PCT Patent Application No. WO 87/02986, published May 21, 
1987, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



-El0-Fii-Gi2-Hi3-ll4-2 
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wherein Eio, Fn, G12, H13, Ii4 and Z are as defined therein . 



wherein Ri is hydrogen, alkyl, aryl, &ycloalkyl, 
heterocyclic, allcoxy or thioalkoxy, Rn is hydrogen, alkyl, 
benzyl, cycloalkyl, hydroxyalkyl,. cycloalkylalkyl, 
arylalkyl, (heterocyclic) alkyl, alkoxyalkyl or 
thioalkoxyalkyl, R21 is hydroxy or amino, R22 is hydrogen 
or alkyl and R23 is hydroxy, amino, hydroxyalkyl, 
aminoalkyl, aryl or alkyl, G12 is absent or an amino acid 
residue, Hi3 is absent or an amino acid residue, Ii4 is 
absent or an amino acid residue and Z is hydroxy, 
substituted alkoxy, substituted amino or cyclic amino; 

PCT Patent Application No. WO 89/00161, published January 
12, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



including -Eio-Fxi- is 



« 
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O 




wherein R2r R4r ^5/ Y and Z are as defined therein 
including R2 is hydrogen or alkyl, R4 is hydrogen, alkyl, 
cycloalkyl, aryl, heterocyclic, hydroxya3Jcyl or aminoalkyl, 
R5 is hydrogen, alkyl, arylalkyl, (heterocyclic) alkyl or 
cycloalkyl, X is -CH(OH)-, -CH{NH2)-f -C{0)-, 
-CH(OH)CH{OH)~, -CH(0H)CH2-, -CH (NH2 ) CH2-/ -C (O) -CH2-/ 
-CH2-NH-, -CH2-O- or -P(0) (A)B- wherein A is hydroxy or 
amino and B is absent, O, NH or CH2/ Y is absent or 
-NHCH (R5) C (O) - and Z is hydroxy, substituted alkoxy, 
substituted amino or N-heterocyclic; 

PCT Patent Application No. WO 88/07053, published 
Septmeber 22, 1988^ discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



wherein r, t, R^Of RlOO/ RiiOr Riilr G12/ H13, I14 and Z are 
as defined therein including r is 0-3, t is 0-3, R90 is 
hydrogen or alkyl, Rioo is hydrogen, alkyl, aryl, 
cycloalkyl, heterocyclic, alkoxy or thioalkoxy, Rno and 



OH 
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Rlll are independently selected from hydrogen, alkyl, aryl, 
arylalkyl and halo, G12 is absent, an amino acid residue or 




wherein R50 is hydrogen, alkyl, arylalkyl, 
(heterocyclic) alkyl, cycloalkylalkyl or adamantyl, and Reo 
and Rei are independently selected from hydrogen, alkyl, 
aryl, arylalkyl, heterocyclic, (heterocyclic) alkyl, 
cycloalkyl, cycloalkylalkyl and adamantyl; or Rgo and Rei 
taken together form a carbocyclic or heterocyclic 
spirocycle, H13 is absent an amino acid residue or 




wherein R50 is hydrogen, alkyl, arylalkyl, 
(heterocyclic) alkyl, cycloalkylalkyl or adamantyl, and Rgo 
and R6I are independently selected from hydrogen, alkyl, 
aryl, arylalkyl, heterocyclic, (heterocyclic) alkyl, 
cycloalkyl, cycloalkylalkyl and adamantyl; or Reo and Rei 
taken together form a carbocyclic or heterocyclic 
spirocycle, I14 is absent an amino acid residue or 
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wherein R50 is hycJrogen^ alkyl, arylalkyl/ 
(heterocyclic) alkyl, cyclcalkylalkyl or adaxnantyl/ and Reo 
and Rgi are independently selected from hydrogen ,r alkyl, 
aryl, arylalkyl, heterocyclic, (heterocyclic) alky 1, 
cycloalkyl, cyclcalkylalkyl and adamantyl; or R50 aiid Rgi 
taken together form a carbocyclic or heterocyclic 
spirocycle and Z is hydroxy,, alkoxy, substituted alkoxy, 
amino, substituted amino or cyclic amino; 

POT Patent Application No. WO 88/02374, published April 7, 
1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

a) -Eio-Fii-C {=y ) -G12-H13-2 , 

b) -Eio-Fii-W, 

c) -Eio-Fii-Gi2"'Hi3-W or 

d) -E10-F11-G121-H131-I14-Z 

wherein Eior Fn, G12/ Hia, Gi2if H131, Ii4r Y and Z are 
as defined therein including -Eio-Fn- is 
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wherein R and Ri are independently selected from alkyl, 
cycloalkyl, aryl, substituted alkyl as defined therein, 
alkoxy or thioalkoxy, Rn is alkyl, cycloalkyl, aryl, 
substituted alkyl as defined therein, alkoxy, thioalkoxy, 
hydrogen, hydroxyalkyl, cycloalkylalkyl, arylalkyl, 
(heterocyclic) alkyl, alkoxyalkyl and thioalkoxyalkyl, R22 
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is hydrogen or alkyl, R23 is hydroxy, hydroxyalkyl, amino, • 
aminoalkyl, aryl or alkyl, R24 is aryl, amino, alkylamino, 
dialkylamino, trialkylamino, heterocyclic, hydroxy, 
alkoxy, alkanoyloxy, mercapto, carboxy, alkoxycarbonyl, 
dialkylaminoalkoxycarbonyl, aminocarbonyl, 
alkylaminoca2±>onyl, dialkylcuninocarbonyl, cycllcaxaino, 
cycloalkylamino, guanidinyl, cyano, N-cyanoguanidinyl, 
cyanoamino, hydroxyalkylamino, di(hydroxyalkyl) amino, 
arylalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 
trialkylaminoalkyl, heterocyclicalkyl, hydroxyalkyl, 
alkoxyalkyl, alkanoyloxyalkyl, mercaptoalkyl, 
carboxyalkyl , alkoxycaxbonylalkyl, 

dialky laminoalkoxy carbonylalky 1 , aminocarbony lalkyl , 
alkylaminocarbonylalkyl, dialky lamdLnocarbony lalkyl, 
cyclicaminoalkyl, cycloalkylaminoalkyl, guanidiny lalkyl, 
cyanoalky 1 , N-cyanogiianidiny lalkyl , cy anoaminoalky 1 , 
hydroxyalkylaminoalkyl or di (hydroxyalkyl) aminoalkyl, Wi 
and W2 are independently selected from hydroxy and amino, 
W3 and W4 are independently selected from hydrogen and 
fluoro, W is as defined therein, Y is O, S, NH or 
-N (alkyl)-, Z is as defined therein, G12 is absent or an 
amino acid residue, H13 is absent or an amino acid 
residue, G121 is absent or an amino acid residue, H131 is 
absent or em amino acid residue and I14 is absent or an 
eimino acid residue; 

PCT Patent Application No. WO 86/06379, published April 5, 
1989, discloses mimics of the Leu-Val cleavage site of 
euxgiotensinogen having the f oinmila 



-E-F-G-H-Z 
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wherein E, F, G, H and 2 are as defined therein including 
-E-F- is 

Rioa Riob w/ Wa 

wherein Rioa is hydrogen or alkyl, Riob is alkyl, 
cydoalkyl, cycloalkylalkyl, arylalkyl, 
(heterocyclic) alky 1, cycloalkenyl or cycloalkenylalkyl, 
RlOe is hydrogen or alkyl, U is -C(0)-r -CH(OH)- or 
-CH(NH2)- and Wi and W2 are independently selected from 
hydrogen, f luoro, chloro and broitio, 6 is absent or an amino 
acid residue, H is absent or an amino acid residue and Z is 
hydroxy, thiol, amino, substituted alkoxy, substituted 
thioalkoxy, substituted alkylamino, Lys-OH, Lys-NH2, Ser-OH 
or Ser-NHa; 

European Patent Application No. EP0271862, published June 
22, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-Y-W-U 

wherein Y, W and U are as defined therein including Y is 
Sta, Cysta or PhSta, W is Leu, lie, N-MeLeu, Val or absent 
and U is -NHCH2CH {CH3) CH2CH3, -NHCHaPh, 
-NHCH {CH2OH) CH (CH3) CH2CH3, -NHCH2CH (OH) CH2SCH (CH3) 2 , 
-NHCH2CH (OH) CH2S (O) CH (CH3) 2, -NHCH2CH (OH) CH2S (O) 2CH (CH3) 2, 
-NHCHaCHaPh, -NHCH2 (pyrid-2-yl) , -NH2, -NHCH2CH=CH2, -OEt, 



wo 90/04917 



PCr/US89/04649 



-64- 



-OMe, -NH (piperidin-4-yl) , 
- NHCHj— ^^N-CHaPti 



-NHCHj-'^^CHaNHZ , - NHCH2^'''^CH2NHB0C ♦ 



European Patent Application No. EP0275480, piiblished July 
27, 1988, discloses miniics of the Leu-Val cleavage site of 
auigiotensinogen having the formula 

-W-D-V 

wherein W, D and V are as defined therein including W is 
Sta, PhSta or Cysta, U is absent. Leu, lie, Val, N-MeLeu or 
N^felle and V is -NHCH2Ph, -NHCHa-cyclohexyl, 
-HH (piper idin-4-yl) , -NHCH2 (pyrid-2-yl) , 

-NHCH2CH(CH3)CH2CH3, -OMe, -OEt, -NHCH(CH20H)CH(CH3)CH2CH3, 
-NHCH2CH2(inorpholin-l-yl) , 

-NHCH2— ^^N-CHzPh ^ 
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PCT Patent Application No. WO 88/03927, published June 2, 
1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the f omnila 



wherein T, C, W, D, V, E, U and n are as defined therein 
including nis 0-1, T is Sta, PhSta, Cyst a. Leu, 
CyclohexylAla or Phe, W is absent. Leu, Gly or lie, V is 
absent. Leu or lie, C is -CH2HH-, -CH(0H)CH2- or 
-CH(OH)-CH»CH-C(0)-, D is -CH2NH-, B is -CH2NH- or 
-CH2N(Cb2)- and U is -NHCH2Ph, -NHCH2-cyclohexyl, -NH2/ 
-MH (piperidin-4-yl) , -NHCH2 (pyrid-2-yl) / 
-NHCH2CH(CH3)CH2CH3, -OMe, -OEt, 



-T- (C) n-W- (D) n-V- (E) n-U 





or 




'CH2NH2 ; 



European Patent Application No. EP0314060, published May 
3, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 
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wherein W and U are as defined therein including W is Sta, 
Cysta, PhSta, ChSta, DFKSta, DFKCys, DFKChs, ASta or ACys 
and U is -NHCH2CH2 (morpholin-l-yl) , -NHCH2CH(CH3)CH2CH3, 
-NHCH {CH2OH) CH (CH3) CH2CH3 / -LeuNHCH2Ph, 
-LeuNHCH2-cyclohexyl^ -LeuNH (piperidin-4-yl) , 
-LeTaNHCH2 (pyrid-2-yl) or 



European Patent Application No. EP0310918, piiblished April 
12, 1989, discloses mimics of the Leu-Val cleavage site of 
cuigiotensinogen having the formula 



wherein R3 and R4 are as defined therein including R3 is 
isobutyl, cyclohexylmethyl or benzyl and R4 is phenyl, 
furyl, vinyl, ethyl or 1,2-dihydroxyethyl; 

French Patent Application No, FR8700560, published July 
22, 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 






R ? 



U-NH-CH2-B 
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wherein R, U and B are as defined therein including R is 
hydrogen or hydroxyalkyl, U is Leu, Ala, Val or He and B 
is pyridyl; 

European Patent Application No. EP0236948, published 
September 16, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

OH O Me OH 

wherein X is as defined therein including X is isbbutyl or 
benzyl; 

European Patent Application No. EP0281316, published 
September 7, 1988, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



wherein R3, R4 and R5 are as defined therein including R3 
is allyl, cyclohexyl or phenyl, R4 is nitromethyl, 
alkoxycarbonyl or -CH2S (0) n-H** wherein n is 0-2 and R^ is 
heterocyclic and R5 is hydrogen or alkyl; 

German Patent Application No. DE3825242, published 
February 9, 1989, discloses mimics of the Leu-val cleavage 
site of angiotensinogen having the formula 
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wherein R3 and Z are as defined therein including R3 is 
hydroxy or amino and Z is substituted carbonylr substituted 
thiocarbonyl, substituted iminocarbonyl or unsubstituted or 
siibstituted phosphono,- aminomethylr thiomethyli^ 
sulfinylmethyl, sulfonylmethyl or phosphonomethyl; 

European Patent Application No. EP0275101/ pviblished July 
20 r 1988r discloses mimics of the Leu-Val cleavage site of 
ahgiotensinogen having the formula 




wherein R2, Rsr Ra/ Rbf X and Q are as defined therein 
including R2 is an amino acid side chain, R3 is hydrogen, 
alkyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 
2-pyridylmethyl or an amino acid side chain, Ra is an amino 
acid side chain, Rb is hydrogen or alkyl or Ra and ^ taken 
together are -CH2-CH2-r n is 1-10, X is hydrogen, CH2, 
alkoxy, substituted alkoxy, alkyl, phenyl, benzyl, . 
cyclohexyl, cyclohexylmethyl or 2-pyridylxnethyl and Q is 
hydrogen, alkyl, arylakyl, alk03^carbonyl or an amin o acid 
residue; 
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PCT Patent Application No. wo 89/01488, published February 
23, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

-Bio-Fll-Gi2-Hl3-Il4-Z 

wherein Eio, Fn, G12, Ii4 and Z are as defined thereii 

including -Eio-Fn- is 
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OH 



or 




wherein Ri is hydrogen, alkyl, aryl, cycloalkyl, 
heterocyclic, alkoxy or thioalkoxy, Rn is hydrogen, alkyl, 
benzyl, cycloalkyl, hydroxyalkyl, cycloalkylalkyl, 
arylalkyl, (heterocyclic) alkyl, alkoxyalkyl or 
thioalkoxyalkyl, R21 is hydroxy or amino, R22 is hydrogen 
or alkyl and R23 is hydroxy, amino, hydroxyalkyl, 
aminoalkyl, aryl or alkyl, R24 is Ri hydroxy, amino, 
hydroxyalkyl or aminoalkyl, G12 is absent or an amino acid 
residue, H13 is absent or an amino acid residue, I14 is 
absent or an amino acid residue and Z is hydroxy, 
substituted alkoxy, substituted amino or cyclic amino; 

European Patent Application No. EP0275101, published July 
20, 1988r discloses mimics of the Leu-Val cleavage site of 
euigiot ens inogen. having the formula 



OH OH 




wherein Ri, Gx2r H13 and X are as defined therein including 
RI is hydrogen, alkyl, aryl, cycloalkyl, heterocyclic. 
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alkoxy or thioalkoxy, G12 is absent, an amino acid residue 
or an amino acid residue wherein the alpha-amino group has 
been replaced by 0, H13 is absent, an amino acid residue or 
an amino acid residue wherein the alpha-amino group has 
been replaced by 0 and X is hydrogen, alkyl or substituted 
alkyl as defined therein; 

European Patent Application No. EP0312291, published i^ril 
19, 1989, discloses mimics of the Leu-Val cleavage site of 
amgiotensinogen having the formula 

OH 



I Y— X 

wherein Ri, Y, X and E are as defined therein including Ri 
is hydrogen, alkyl, aryl, cycloalkyl, 1, 3-dithiolan-2-yl or- 
1, 3-dithian-2-yl, X is -CH2-C(Ri3) (Rl4)- wherein R13 and R14 
are independently selected from hydrogen, alkyl, alkenyl, 
carboxy, aminocarbonyl, substituted aminocarbonyl, 
substituted alkyl, alkanoyloxy, substituted 
aminocarbonyloxy, substituted carbonylamino, substituted 
aminocarbonylamino, substituted sulfinyl, substituted 
sulfonyl, substituted sulfide, amino, alkylamino, 
dialkylamino or heterocyclic,. Y is CE2, O, s, so or SO2 or 
X and y taken together is -(CH2)4- and E is hydrogen, aryl, 
heterocyclic, alkyl, cycloalkyl or substituted alkyl; 
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European Patent implication No. EP0312283, published April 
19, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein Rl^ X and E are as defined therein including Ri is 
hydrogen, alkyl, aryl, cycloalkyl, l,3-dithiolan-2-yl or 
l,3-dithian-2-ylr X is -CH2-C(Ri3) (Ri4)- wherein R13 and R14 
are independently selected from hydrogen, alkyl, alkenyl, 
carboxy, aminocarbonyl, substituted aminocarbonyl, 
substituted alkyl, alkanoyloxy, substituted 
aminocarbonyloxy, substitxited carbonylamino, substituted 
amino carbonylamino, substituted sulfinyl, sxabstituted 
sulfonyl, substituted sulfide, amino, alkylamino, 
dialkylamino or heterocyclic and E is hydrogen, aryl, 
heterocyclic, alkyl, cycloalkyl or substituted alkyl; 

European Patent Application No. EP0312158, published April 
19, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein r, R7r R4r Rio» ^9/ RlOar Q a^d J are as defined 
therein including r is 1-4, R7 is alkyl, aryl or 





O R9 Rioa 
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cycloalkyl, R4 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl or substituted alkyl, Rio and Rioa are independently 
selected from hydrogen and alkyl, R9 is - (CH2) s-NRnRi2 
wherein s is 1-2 and Rn and R12 are independently selected 
from hydrogen, heterocyclic, aryl, cycloalkyl, alkyl, 
arylalkyl, (heterocyclic) alkyl, aminoalkyl, hydroxyalkyl, 
alkylaminoalkyl, dialkylaminoalkyl, carboxy, alkyl 
substituted by -SO3H, aminocarbonylalkyl, 

alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl, Q is 
-CH(OH)-, -CH(N(R8))-> -CH(0H)CH2- or -CH (N (Rfl) ) CH2- 
wherein Rs is hydrogen, alkyl, formyl, alkanoyl, aroyl, 
alkoxycarbonyl, aryloxycarbonyl or araylalkoxycarbonyl and 
J- is stibstituted alkylamino or substituted alkoxy; 

European Patent Application No. EP0312157, published April 
19, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 

O R9 ,Rioa 

wherein r, Rir B^r Rio. R9r RlOar Q and J are as defined 
therein including r is 1-4, R7 is alkyl, aryl or 
cycloalkyl, R4 is hydrogen, alkyl, alkenyl, cycloalkyl, 
aryl or substituted alkyl, Rio and Rioa are independently 
selected from hydrogen and alkyl, Rg is - (CH2) S-NR11R12 
wherein s is 1-2 and Rn and Ri2 are independently selected 
from hydrogen, heterocyclic, aryl, cycloalkyl, alkyl, 
arylalkyl, (heterocyclic) alkyl, aminoalkyl, hydroxyalkyl, 
alkylaminoalkyl, dialkylaminoalkyl, carboxy, alkyl 
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siibstituted by -SO3H, aminocarbonylalkylr 

alkylaminocarbonylalkyl or dialkylaminocarbonylalkyl, Q is 
-CH (OH) -CH (N (Rs) ) -CH (OH) CH2- or -CH (N (Rg) ) CH2- 
wherein Rs is hydrogenr alkyl/ formylf alkanoyl, aroyl, 
alkoxycarbonyl,. aryloxycarbonyl or araylalkoxycarbonyl and 
J is substituted alkylamino, substituted alkoxy, 
heterocyclic, heterocyclicamino or substiute guanidino; 

European Patent Application No. EP0314239, published May 
3, 1989/ discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the f onrnala 



wherein r, R7, R4r Q and J are as defined therein including 
r is 1-4, R7 is alkyl, aryl or cycloalkyl, R4 is hydrogen, 
alkyl, alkenyl, cycloalkyl, aryl or substituted alkyl, Q is 
-CH (OH) -CH (N (Rs) ) -CH (OH) CH2- or -CH (N (Re) ) CH2- 
wherein Rs is hydrogen, alkyl, formyl, alkanoyl, aroyl, 
alkoxycarbonyl, aryloxycarbonyl or araylalkoxycarbonyl and 
J is amino, hydroxy, substituted alkylamino or substituted 
alkoxy; 

South African Patent Application No. 866642, published 
February 24, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



O 





(CH2)r R4 
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o 9 



NH— (alkyl, or amino acid allcylainide) 



wherein R' and R" are as defined therein including R' is 
fluoro and R" is hydrogen or fluoro; 

European Patent Application No. EP0273696, published July 
6r 1988, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



wherein n, R2, RlO and E are as defined therein including n 
is 0-5, R2 is hydrogen or alkyl, Rio is alkyl, cycloalkyl, 
cycloalkylalkyl, arylalkyl, (heterocyclic) alkyl, 
alkoxyalkyl, thioalkoxy alkyl, hydroxyalkyl or aminoalkyl 
and E is -CH(W)-G wherein W is hydroxy, amino, alkanoyloxy 
or alkanoyloxyalkyloxy and G is -Q-C (O) -T-U-V wherein Q is 
a bond or -CH(Ri3)- wherein R13 is hydrogen, aryl, alkyl, 
cycloalkyl or substituted alkyl, T and U are independently 
absent or selected from an amino acid residue and V is 
hydroxy, substituted alkoxy, amino or substituted amino; 

European Patent Application No. EP0278158, published 
August 17, 1988, discloses mimics of the Leu-Val cleavage 
site of angiotensinogen having the formula 
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wherein n,. Rj, Rio and E are as defined therein including n 
is 0-3, R7 is alkyl or substituted alkyl, Rio is alkyl, 
cycloalkylr cycloalkylalkyl, arylalkyl, 
(heterocyclic) alkylr alkoxyalkyl^ thioalkoxyalkyl, 
hydroxyalkyl or aminoalkyl and E is -CH(W)-G wherein W is 
hydroxy, amino, alkanoyloxy or alkanoyloxyalkyloxy and G is 
-Q-C (O) -T-U-V wherein Q is a bond or -CH(Ri3)- wherein R13 
is hydrogen, aryl, alkyl, cycloalkyl or substituted alkyl, 
T and U are independently absent or selected from an amino 
acid residue and V is hydroxy, substituted alkoxy, amino or 
substituted amino; 

German Patent Application No. DE3721855, published 
September 22, 1988, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



wherein n, R2/ R3/ ^4/ Rsr R6/ E and D are as defined 
therein including n is 1-2, R2 is hydrogen or alkyl, R3 is 
hydrogen, alkyl, aryl, arylalkyl, (heterocyclic) alkyl, 
cycloalkyl, alkoxy or cydoalkylalkyl, R4 is (H,OH), 
{H,NH2) or O, R5 is hydrogen or alkyl. Re is hydrogen or 
alkyl, E is 0-2 amino acid residues and D is 
-CH2CHOHCH2OH, substituted sulfonyl, substituted 
sulfonylalkyl, substituted carbonyl, substituted 
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phosphonyl, phenyl, phenylalkyl, furyl, furylalkyl, 
thienyl, thienylalkyl, pyridyl, pyridylalkyl or other 
(heterocyclic) alky 1; 

European Patent Application No. EP0309841, published i^ril 
5, 1989, discloses mimics of the Leu-Val cleavage site of 
angiotensinogen having the formula 



(CHR6)„^^ 



R4 

wherein n, R3, R4, Rs, Rfi and E are as defined therein 
including n is 1-2, R3 is hydrogen or alkyl, R4 is 
hydrogen, alkyl, aryl, arylalkyl, heterocyclic, 
(heterocyclic) alkyl, cydoalkyl, alkoxy or 
cycloalkylalkyl, R5 is (H,OH), (H,NH2) or 0, Re is 
hydrogen, alkyl or alkenyl and E is -SR7, -SOR7, -SO2R7, 
-SO2OR7 or -SO2NR7R8 wherein R7 and Re are independently 
selected from R4; 

European Patent Application No. EP0292800, published 
November 30, 1988, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 

R9 Rs O 

^^^""y^^^iOm^n^^^E - Q - D 
R4 

wherein n, R3, R4r Rs, R€r E, Q and Y are as defined 
therein including n is 1-2, R3 is hydrogen or alkyl, R4 is 
hydrogen, alkyl, aryl, arylalkyl, heterocyclic. 
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(heterocydic) alkyl, cydoaDcyl, cydoalkylalkyl or 
alkoxy, R5 is (H,OH), (H,NH2)/ or 0, Re is hydrogen or 
alkyl, E is 0-2 amino acid residues, Q is 0 or NH and Y is 
B or sT3bstitut:ed alkyl; 

European Patent Application No. EP 024 90 9 6, published 
December 16, 1987, discloses mimics of the Leu-Val 
cleavage site of angiotensinogen having the formula 



wherein n, R3, R4, ^5, R6/ E, Q and Y are as defined 
therein including n is 1-2, R3 is hydrogen or alkyl, R4 is 
hydrogen, alkyl, aryl, arylalkyl, heterocyclic, 
(heterocyclic) alkyl, cydoalkyl, cydoalkylalkyl or 
alkoxy, R5 is (H,0Ri2)r (H,lIRi2Ri3) / ox O wherein R12 and 
Rl3 are independently selected from hydrogen and alkyl, Rs 
is hydrogen or alkyl, E is 0-2 amino acid residues, Q is O 
or NH and Y is H or substituted alkyl; and 

European Patent Apj>lication No. EP0264795, published i^ril 
27, 1988, discloses mimics of the Leu-Val cleavage site of 
emgiotensinogen having the formula 



wherein n, R2, R3, R4, E and Y are as defined therein 
induding n is 1-2, R2 is hydrogen or dkyl, R3 is 




E-Q-D 
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hydrogen, alkyl, aryl, arylalkyl, heterocyclic, 
(heterocyclic) alky 1, cycloalkyl, cycloalkylalkyl or 
alkoxy, R4 is hydrogen or alkyl, E is -C(0)NH-, -C(S)NH-, 
-C(0)0-, -S02-, -S02NH-, or -PO(OA)0- wherein A is 
hydrogen or alkyl and Y is carboxy, carboxyalkyl, 
substituted carboxyalkyl, alkoxycarbonyl, 
alkoxycarbonylalkyl, substituted alkoxycarbonylalkyl, 
aminocarbonyl, substituted aminocarbonyl, 
aminocarbonylalkyl, substituted aminocarbonylalkyl, 
hydrogen, alkyl, aryl, arylalkyl, cycloalkyl or 
cycloalkylalkyl; or E-Y is pyrrolidinocarbonyl, 
piperidinocarbonyl, morpholinocarbonyl, 
pyrrolidinosulfonyl, piper idinosulfonyl or 
morpholinosulf onyl . 

The term "substituted methylene group" as used 

herein refers to: 

(I) -CHR^3l^4. wherein 

1) R^^ is 

i) hydrogen or 

ii) hydroxy 
and 

2) is 

i) hydrogen, 

ii) loweralkyl, 

iii) hydroxy, 

iv) hydroxyalkyl, 
V) alkoxy, 

vi) alkoxy alkyl, 

vii) azido, 

viii) azidoalkyl, 

ix) amino. 
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X) (N-protected) aminO/ 

xi ) aminoalky 1 , 

xii) (N-protected) aminoalkyl, 

xiii) alkylamino^ 

xiv) (N-protected) (alkyl) amino, 
XV) cJ.kylaminoalkyl, 

xvi) (N-protected) (alkyl) - 
aminoalky 1, 

xvii) dialkylamino/ 

xviii) dialkylaminoalkyl, 

xix) carboxyalkyl, 
XX) thioalkoxy, 

xxi) thioalkoxyalkylr 

xxii) alkylsulfonyl, 

xxiii) alkylsulfonylalkyl, 

xxiv) thioaryloxy, 

xxv) thioaryloxy alkyl, 

xxvi) arylsulfonyl, 

xxvii) arylsulfonylalkyl, 

xxviii ) ( uns ubs t itut ed 
heterocyclic) alkyl or 

xxvix) (sttbstltuted 

heterocyclic) ailkyl 
such that when R^^^ hydroxy then R^^^ is 
not hydroxy, alkoxy, azido, amino, 
alkylamino, dialkylamino, 
(N-protected) amino, 

(N-protected) (alkyl) amino, thioalkoxy, 
alkylsulfonyl or arylsulf onyl, and such 
that when is hydrogen then R^^ is not 
hydrogen or loweralkyl; 
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(II) -C(=CH2)C(0)NHRj^5, 

(III) -C(OH) (Rjg)C(0)NHRj^5 or 

(IV) -CH(R^g)C(0)NHR3^5 wherein 

1) is 

i) lo wer alley 1, 

ii) hydroxyalkyl, 

iii) alkoxyallcyl, 

iv) aminoallcyl, 

V) alkylaminoalkyl, 

vi) dialkylaminoalkyl/ 

vii) heterocyclic, 

viii) aryl, 

ix) (heterocyclic) alkyl or 
X) arylalkyl and 

2) R^g is 

i) hydrogen, 

ii) loweralkyl, 

iii) hydroxyalkyl, 

iv) haloalkyl or 

v) azidoalkyl; 



(V) 



•CH2C(0)NH-(CH2)t— R 20 y ^2i 



wherein' 

1) t is 0 to 3, 

2) R20 is 

i) CHj or 

ii) N and 

3) " 
i) NH, 
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ii) 0, 

iii) S or 

iv) SO2/ 

such that when t is 0 then Rgg is CHj and 
when t is 1 to 3 then Rjq is 
(VI) -CH2CH(R22)C(0)NHR23 wherein 

1) is 

i) loweralkyl or 

ii) cycloalkylalkyl 
and 

2) is 

i) loweralkyl^ 

ii) hydroxyalkyl, 

iii) alkoxyalkyl, 

iv) aminoalkyl, 

V) alkylaminoalkyl, 

vi) dialkylaminoalkylr 

vii) heterocyclic, 

viii) aryl/ 

ix) (heterocyclic) alky 1, 

x) arylalkyl or 
xi) 

-(CH2)u'— R 24 y R2S 

wherein 

a) u is 0 to 3, 

b) R24 is CH2 or N and 

c) Rjg is NH, 0, S or 

SOgr 
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such that when u is 0 then is CHg 
and when u is 1 to 3 then is N; 

-CH2CH(R22)C(0)— — 

wherein 

1) is as defined above and 

2) R74 is 

i) hydrogen, 

ii) loweralkyl, 

iii) an N-protecting group or 

iv) R,y5-C{0)- wherein R^^ is 
aminoalkyl or (N-protected) - 
amino^lkyl; 

(VIII) — ^ 
.CH2CH(R26)C(0)NHCH(R27)C(0)NHCH2— ^ 

wherein 

1) R2g is 

i) loweralkyl or 

ii) cycloalkylalkyl and 

2) R27 is 

i) loweralkyl or 

ii) cycloalkylalkyl; 

(IX) -CH2CH{RQ3^)NHC(0)Rg2 or 
-CH2CH(R8i)NHS(0)2R82 wherein 

1) Rgi is 

i) loweralkyl or 

ii) cycloalkylalkyl and 

2) Rg2 is 
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i) loweralkylr 

ii) alkoxy, 

iii) alkylamino,. 

iv) dialkylaminor 

V) -OR* wherein R* is aminoalkyl/ 
alkylaminoallcylr dialkylaminoalkyl or 
(heterocycaic) alkyl or 



as defined above; 



(X) -CH2NHC{0)R82 or -CH2NHS (O) 2R82 wherein 

R82 is as defined above; or 
(X) -CF2CH (OH) wherein Rg^ is 

loweralkyl, lower alkenyl, cycloalkyl^ 
cycloalkenylr cydoalkylalkylr 
cycloalkenylalkyl, arylr arylalkyl, 
heterocyclic or (heterocyclic) alkyl. 
The chiral centers of the conqponnds of the invention 
may have either the «R", or "R.S" configuration. The 

terms "R" and "S" configuration are as defined by lUPAC 
1974 Recommendations for Section E, Fundamental 
Stereochemistry, Pure Appi. Clhem. (1976) 45 , 13-30. 

The term "N-protecting group" or "N-protected" as used 
herein refers to those groups intended to protect nitrogen 
atoms against undesirable reactions during synthetic 
procedures or to prevent the attack of exopeptidases on the 
final COTtpounds or ta increase the solubility of the final 
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compounds and includes but is not limited to acyl, acetyl, 
pivaloyl, t-butylacetyl, trichloroethoxycarbonyl, t- 
butyloxycarbonyl (Boc) , benzyloxycarbonyl (Cbz) or benzoyl 
groups or an L- or D- aminoacyl residue, which may itself 
be N-protected similarly. 

The term "loweralkyl" as used herein refers to 
straight or branched chain alkyl radicals containing from 1 
to 7 carbon atoms including but not limited to methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
n-pentyl, 1-methylbutyl, 2,2-dimethylbutyl, 2-methylpentyl, 
2,2-dimethylpropyl, n-hexyl and the like. 

The term "loweralkenyl" as used herein refers to a 
loweralkyl radical which contains at least one carbon- 
carbon double bond. 

The term "aminoalkyl" as used herein refers to -NHg 

appended to a loweralkyl radical. 

The term "hydroxyalkyl" as used herein refers to -OH 
appended to a loweralkyl radical. 

The term "alkylamino" as used herein refers to a 
loweralkyl radical appended to an NH radical. 

The term "cydoalkyl" as used herein refers to an 
aliphatic ring having 3 to 7 carbon atoms. 

The term "cycloalkylalkyl" as used herein refers to an 
cydoalkyl group appended to a loweralkyl radical, 
including, but not limited to cyclohexylmethyl and the 
like. 

The term "cycloalkenyl" as used herein refers to an 
aliphatic ring having 3-7 carbon atoms and alsohaving at 
least one carbon-carbon double bond including, but not 
limited to, cydohexenyl and thelike. 
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The term "cycloalkenylalkyl" as used herein refers to 
a cyclOcLlkenyl group appended to a loweralkyl radical. 

The term "aryl** as used herein refers to a monocyclic 
or bicyclic carbocyclic ring system having one or more 
aromatic rings including, but not limited to, phenyl, 
naphthyl, tetrahydronaphthyl, indanyl and the like; or 
"aryl" refers to a heterocyclic aromatic ring as defined 
herein. Aryl groups can be unsubstituted or substituted 
with one, two or three substituents independently selected 
from loweralkyl, haloalkyl, alkoxy, thioalkoxy, amino, 
alkylamino, dialkylamino, hydroxy, halo, mercapto, nitro, 
carboxaldehyde, carboxy and carboxamide. 

The term "arylalkyl" as used herein refers to an aryl 
group appended to a loweralkyl radical including, but not 
limited to benzyl, naphthylmethyl and the like. 

The terms "alkoxy" and "thioalkoxy" as used herein 
refer to a^ad R3QS-, respectively, wherein R^q is a 

loweralkyl groiop or a cycloalkyl group. 

The term "alkoxyalkoxy" as used herein refers to an 
alkoxy group appended to an alkoxy radical, including, but 
not limited to methoxymethoxy and the like. 

The term "alkoxy alky 1" as used herein refers to an 
alkoxy group appended to a loweralkyl radical. 

The term " (thioalkoxy) alkyl" as used herein refers to 
thioalkoxy appended to a loweralkyl radical. 

The term "dialkylamino" as used herein refers to 
-NR2||^R32 wherein R^^ and are independently selected 
from loweralkyl groups. 

The term "( (alkoxy) alkoxy) alkyl" refers to an alkoxy 
group appended to an alkoxy group which is appended to a 
loweralkyl radical. 
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The term " (N-protected) amino" as used herein refers to 
-1JHR33 wherein R33 is an N-protecting group. 

The term "(N-protected) (alkyl) amino" as used herein 
refers to -NR33R34 wherein R33 is an N-protecting group and 
R3^ is a loweralkyl group. 

The term "N-protected aminoalkyl" as used herein 
refers to -NHR35 appended to a loweralkyl group, wherein 
is an N-protecting group. 

The term "alkylaminoalkyl" as used herein refers to 

-NHR,^ appended to a loweralkyl radical, wherein R3g is a 

3d 

loweralkyl group. 

The term " (N-protected) (alkyl) aminoalkyl" as used 

herein refers to -NR35R3g/ which is appended to a 
loweralkyl radical, wherein R35 and Rjg are as defined 
above. 

The term "dialkylaminoalkyl" as used herein refers to 
-NRjgR^Q is appended to a loweralkyl radical wherein K^^ 
and R^Q are independently selected from loweralkyl. 

The term "polyalkoxy" as used herein refers to -OR41 
wherein R^^^ is a straight or branched chain containing 1-5, 
C -0-C linkages wherein w and x are independently selected 
from 1 to 3, including, but not limited to 
methoxyethoxymethOKy, ethoxyethoxymethoxy and the like. 

The term " (polyalkoxy) alkyl" as used herein refers to 
a polyalkoxy group appended to a loweralkyl radical. 

The term " (heterocyclic) alkyl" or "heterocyclic ring 
substituted alkyl" as used herein refers to a heterocyclic 
group appended to a loweralkyl radical, including but not 
limited to imidazolylmethyl, thiazolylmethyl and the like. 

The term "azidoalkyl" as used herein refers to -N3 
appended to a loweralkyl radical. 
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The term "carboxyalkyl" as used herein refers to a 
carboxylic acid group (-COOH) appended to a loweralkyl 
radical • 

The term "stlkylsulfonyl" as used herein refers to 
R^2S{0)2" wherein R^^ ^® ^ loweralkyl residue. 

The term "alkylsulfonylalkyl" as used herein refers to 
an alkylsulf onyl group appended to a loweralkyl radical. 

The term "thioaryloxy" as used herein refers to R43S- 
\d1e3rein is an aryl group. 

The term "thioaryloxyalkyl" as used herein refers to a 
thioaryloxy group appended to a loweralkyl radical. 

The term "arylsulfonyl" as used herein refers to 
R^^S(0)2- wherein R^^ is an aryl group. 

The term "arylsulf onylalkyl" as used herein refers to 
an arylsulfonyl group appended to a loweralkyl radical. 

The term " (alkoxyalkyl) (alkyl) amino" as used herein 
refers to -NR^^R^g wherein R^^ is an alkoxyalkyl group and 
R^g is a loweralkyl group. 

The term " (alkoxyalkoxyalkyl) (alkyl) amino" as used 
herein refers to -NR^^R^g wherein R^^ is an 
alkoxyalkoxyalkyl group and R^g is a loweralkyl group. 

The term "halo" or "halogen" as used herein refers to 
01/ Br, F or I substituents . 

The term "haloalkyl" as used herein refers to a" 
loweralkyl radical in which one or more hydrogen atoms are 
replaced by halogen including^ but not limited to, 
fluoromethyl/ 2-chloroethylr trifluoromethyl, 2/2- 
dichloroethyl and the like. 

The term "0-protecting group" as used herein refers to 
a substituent which protects hydroxyl groups and includes 
but is not limited to substituted methyl ethers / for 
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example, methoxymethyl, benzyloxymethyl, 2- 
methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl and 
tehahydropyranyl; substituted ethyl ethers, for example, 
2,2,2-trichloroethyl, t-butyl, benzyl and triphenylmethyl; 
silyl ethers, for example, trimethylsilyl, t- 
butyldimethylsilyl and t-butyldiphenylsilyl; cyclic acetals 
and ketals, for example, methylene acetal, acetonide and 
benzylidene acetal; cyclic ortho esters, for exainple, 
methoxymethylene; cyclic carbonates; and cyclic boronates. 

The term -heterocyclic group" or "heterocyclic" as 
used herein refers to any 3- or 4-membered ring containing 
a heteroatom selected from oxygen, nitrogen and sulfur, or 
a 5- or 6-membered ring containing from one to three 
heteroatoms selected from the group consisting of nitrogen, 
oxygen, and sulfur; wherein the 5-membered ring has 0-2 
double bonds and the 6-membered ring has 0-3 double bonds; 
wherein the nitrogen and sulfur heteroatoms may optionally 
be oxidized; wherein the nitrogen heteroatom may optionally 
be quatemized; and including any bicyclic group in which 
any of the above heterocyclic rings is fused to a benzene 
ring or another 5- or 6-membered heterocyclic ring 
independently as defined above. Heterocyclics in which 
nitrogen is the heteroatom are preferred. Fully saturated 
heterocyclics are also preferred. Preferred heterocyclics 
include: pyrryl, pyrrolinyl, pyrrolidinyl, pyrazolyl, 
pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl, 
imidazolidinyl, pyridyl, piperidinyl, pyrazinyl, 
piperazinyl, N-methyl piperazinyl, azetidinyl, N-methyl 
azetidinyl, pyrimidinyl, pyridazinyl, oxazolyl, 
oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl, 
thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, 
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indolyl, quinolinyl, isoquinolinyl, benzimidazolyl^ 
benzothiazolyl, benzoxazolyl, furyl^ thienyl, triazolyl and 
benzothienyl • 

Heterocyclics can be unsubstituted or monosxibstituted 
or disubstituted with sxibstitutents independently selected 
from hydroxy, halo, oxo (=0) , alkylimino (R*N= wherein R* 
is a loweralkyl group), amino, alkylamino^ dialkylamino, 
alkoxy, polyalkoxy, loweralkyl, cycloall^l or haloalkyl. 

The most preferred heterocyclics include imidazolyl, 
pyridyl, piperazinyl, N-methyl piperazinyl, azetidinyl, N- 
methyl azetidinyl, thiazolyl, thienyl, triazolyl and the 
following: 




wherein b is 1 or 2 a^d R^q is N, NH, O, S, provided * that 
RgQ is the point of connection only when R^q is N, 



I 
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wherein Rgj^ is NH, N-lowerallcyl, O, S, or SOj/ or 

. ^> » 

(i) (ii) (i") 

wherein the symbols (i) , (ii) and (iii) represent 5- 
membered heterocydes containing one or more heteroatoms 
and containing 2 double bonds; wherein Rgj is O, or S 
and not the point of connection and R53 is N when it is the 
point of connection and NH, O or S when it is not the point 
of connection. 

The terms "Ala", "His", "Leu", "Phe", "Tyr", "Cys", 
"Gly", "Lys", "Sar", "Pro" and "norLeu" as used herein 
refer to alanine, histidine, leucine, phenylalanine, 
tyrosine, cysteine, glycine, lysine, sarcosine, proline and 
norleucine, respectively. In general, the amino acid 
abbreviations follow the lUPAC-IUB Joint Commission on 
Biochemical Nomenclature for amino acids and peptides (Eur. 
J. Biochem. 1984, ISa, 9-31). 

The compounds of the invention may be made as shown in 
Schemes 1-10. The syntheses of segments containing 
substituents R5 are described in the Examples or have 
previously been described (Kempf, et al., J. Med. Chem. 
1987, 30, 1978; Luly, et al., J. Med. Chem. 1987, 30, 1609; 
Buhlmayer, et al., U.S. Patent No. 4,727,060; Morisawa, et 
al., European Patent Application No. 0228192; Ten Brink, 
PCT Patent Application No. WO87/02986) . 
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Scheme 1 discloses a general method for the synthesis 
of compomds of the invention containing substituted 
piperazines. The process involves reaction of the 
appropriately sisbstituted piperazine with an alph-halo 
ester. The ester 2 is hydrolyzed (LiOH/MeOH/HjO) and then 
coupled to the appropriately functionalized amine (in this 
case 2-amino-l-cyclohexyl-3f 4-dihydroxy-6-methyl heptane) 
using a EDAC^ 1- (3-dimethylaminopropyl) -3- 
ethylcarbodiimide hydrochloride , or other standard peptide 
coupling methods to provide the desired product ±. 

Scheme 2 discloses a general method for the synthesis 
of compounds of the invention containing N-siJbstituted 
benzyl piperazines. The dipeptide i is synthesized using a 
mixed anhydride coupling method. The diketopiperazine 
which is formed by heating 5_ in ref luxing xylene, is 
reduced (excess lithium aluminum hydride (L2^) in THF) to 
give 2- Reaction of 2 with an alpha-bromo ester (in this 
case ethyl 2-bromo hexanoate) gives £. The amine 3. is 
protected (Boc-anhydride in CH2CI2) and then the ester is 
hydrolyzed (LiOH/MeOR/H20> . The free acid 5. is then 
coupled to the hydrochloride salt of the appropriately 
functionalized amine ( in this case 2-amino-l-cyclohexyl- 
3,4-dihydroxy-6-methyl heptane) tising EDAC or other 
standard peptide coupling methods to provide IQ. 

Scheme 3 discloses a general method for the synthesis 
of benzyl ketopiperazine containing compounds of the 
invention. The reduced dipeptide 11 is synthesized by 
oxidation of the precursor protected amino alcohol ^ 
followed by a reductive amination. The free amine of 11 is 
reacted with an alpha-bromo ester such as benzyl 
bromoacetate to give 12, which is deprotected by 



wo 90/04917 



PCr/US89/04649 



-93- 



hydrogenolysis and then cyclized with EDAC-HOBT 
(hydroxybenzotriazole) or other peptide or lactam forming 
agents. The lactam-ester 12 is hydrolyzed 
(LiOH/dioxane/HjO) and then coupled to the hydrochloride 
salt of the appropriately functionalized amine (in this 
case 2-amino-l-cyclohexyl-3,4-dihydroxy-6-methyl heptane) 
using a standard peptide coupling method such as EDAC to 
give the desired product lA- 

Scheme 4 discloses a method for synthesizing 
substituted ketopiperazines of the invention which are 
isomeric with those prepared in Scheme 3. The methyl ester 
of D-Phe is protected with Boc-anhydride and then allylated 
with allyl bromide. The intermediate IS is oxidized to 
aldehyde 1£. Aldehyde Ifi is coupled to an amino acid by 
reductive amination and then cyclized. The lactam-ester IS. 
is hydrolyzed (LiOH/water/dioxane) and then coupled to the 
hydrochloride salt of the appropriately functionalized 
amine (in this case 2-amino-l-cxclohexyl-3, 4-dihydroxy-6- 
methyl heptane) to give the desired product 211. 

Scheme 5 discloses the synthesis of compounds of the 
invention containing substitued delta-lactams . 
Valerolactone is alkylated (in this case with a benzyl 
group) by lithiation at -78«C in THF followed by an alkyl 
halide (benzyl bromide) . The resulting lactone 21 is 
transesterified with benzyl alcohol. The primary alcohol 
22 is oxidized using Swem conditions and then reductively 
aminated with an amino acid ester such as L-norleucine 
methyl ester. The benzyl ester 2A is subjected to 
hydrogenolysis to remove the benzyl group and the amino 
acid is cyclized to give lactam 25. using EDAC or other 
standard peptide coupling or lactam forming methods. The 
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lactam-ester is hydrolyzed and the acid is coupled to the 
hydrochloride salt of the appropriately fiinctionalized 
amine (in this case 2-amino-l-cyclohexyl-3, 4-dihydroxy-6- 
methyl heptane) 1:o give the desired product 2fi. 

Scheme 6 discloses a general method for synthesizing 
con5>ounds of the invention containing amino substituted 
gamma— and delta-lactams • Coinpoxind 22 (J^ MI. Chera. Soc. 
79 5736 (1957) ) is deprotonated and alkylated with allyl 
bromide to provide 2Sl- Hydrolysis (aq. sodium hydroxide) 
followed by acidification provides the acid corresponding 
to 22/ which is treated with excess ethereal diazomethane 
to provide 21. Oxidation of 21 gives aldehyde iOa. 
Reductive amination of 3Qa with the methyl ester of the 
desired amino acid hydrochloride salt (in this case His- 
OMe) provides the amino ester 31a , which is cyclized to the 
corresponding lactam 32 (n=l) . The lactam ester 2Z is 
hydrolyzed to the corresponding acid. The acid is coupled 
to the hydrochloride salt of the appropriately 
functionalized amine (in this case 2-amino-l-cyclohexyl- 
3,4-dihydroxy-6-methyl heptane) through a standard 
solultion phase peptide coupling method using a water 
soluble carbodiimide to give the desired product wherein 
n=l. 

Hydroboration of 2fi followed by oxidation gives the 
aldehyde 3Qb . Reductive amination of 2Sh with the methyl 
ester of the desired amino acid hydrochloride salt (in this 
case L-His-OMe) provides 3ih - Lactam ester 3Z (n=2) is 
produced by ref luxing a methanolic solution of J21b with 
isopropyl amine. Ester hydrolysis, followed by coupling to 
t^g* hydrochloride salt of the appropriately functionalized 
amine (in this case 2-amino-l-cyclohexyl-3, 4-dihydroxy-6- 
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methyl heptane) using EDAC or other standard peptide 
coupling methods, provides the desired product wherein n=2. 

Scheme 7 discloses a general method for synthesizing 
con?>ounds of the invention containing an oxa-lactam. For 
example, D-phenyl alanine is converted to D-3-phenyllactic 
acid 21, which is esterified to produce M.. The free 
hydroxy group is allylated with allyl bromide to provide 
ester 2^, which is oxidized to the aldehyde 2£. The 
aldehyde 2£ is reductively aminated with the appropriate 
amino acid ester (in this case L-His-OMe) to give amino 
ester 31, which is thermally cydized to lactam M- Lactam 
ester 23. is hydrolyzed and the imidazole nitrogen is 
protected as the N-t-Boc derivative. The acid is then 
coupled to the hydrochloride salt of the appropriately 
functionalized amine (in this case 2-amino-l-cyclohexyl- 
3,4-dihydroxy-6-methyl heptane) using EDAC or other 
standard peptide coupling methods to produce the desired 
product 22.' 

Scheme 8 discloses a method for the synthesis of 
compounds of the invention containing an N-terminal 
substituted gamma-lactam. A mixed diester 411 is converted 
to acids 11 or 42., which are reduced to alcohols 42 or 44, 
respectively. Alcohols 42 and 44 are then oxidized to 
aldehydes 45 and 4£. Reductive amination of 4£ with the 
appropriate amino acid ester (in this case L-His-OMe di-p- 
toluenesulfonic acid salt) provides amino ester 4a. This 
compound is converted to thfe free acid, which is then 
cyclized to 42. Similarly, reductive amination of 4S leads 
directly to the cyclic derivative 42. Protection of the 
imidazole nitrogen of 42 and 41 as the N-t-Boc derivative, 
followed by ester hydrolysis, leads to acids and il. 
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Amide formation witii the hydrochloride salt of the 
appropriately functionalized amine (in this case 2-amino-l- 
cyclohexyl-3,4-dihydroxy-6-methyl heptane) using EDAC or 
other standard peptide coupling methods, followed by 
imidazole deprotection, affords 5Z and 51, respectively. 

Scheme 9 discloses a method for the synthesis of 
cofl5>otmds of the invention containing an unsubstituted N- 
terminal cyclic urea. For example, Boc-phenylalanol M is 
oxidized to the aldehyde and reductively aminated with the 
appropriate amino acid ester (in this case L-His-OMe di-p- 
toluenesulfonic acid salt) to give mono-protected diamine 
5^. Removal of the protecting group and cyclization 
affords cyclic urea Protection of the imidazole 

nitrogen and benzyl ester hydrogenolysis provides the acid 
57 . Amide formation with the hydrochloride salt of the 
appropriately functionalized amine (in this case 2-amino-l- 
cyclohexyl-3,4-dihydroxy-6-methyl heptane) using EDAC or 
other standard peptide coupling methods, followed by 
imidazole deprotection, sif fords 53.* 

Scheme 10 discloses a method for the synthesis of 
con^jounds of the invention containing an N'-sxobstituted N- 
terminal cyclic urea. For example, phenylalanine methyl 
ester hydrochloride salt is reductively alkylated with an 
aldehyde or ketone (in this case isobutanal) and the 
resulting amine is protected to provide ester The 
ester is reduced to the alcohol and the alcohol is oxidized 
to the aldehyde Treatment of this aldehyde as 

described in Scheme 9 provides the desired compound £2. 

Scheme 11 discloses a general method for the synthesis 
of . benzyl ketopiperazine. containing compounds which are 
isomeric with the conqpounds of Scheme 3. Alkylation and 
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protection of amino-alcohol 12 provides alcohol M. 
Oxidation and reductive amination of M gives diamine 
Ring closure to followed by coupling to the 
hydrochloride salt of the appropriately functionalized 
amine (in this case 2-amino-l-cyclohexyl-3,4-dihydroxy- 
6-raethyl heptane) using EDAC or other standard peptide 
coupling methods to provide £1. 

scheme 12 .discloses a general method for synthesizing 
compounds of the invention containing a sulf onyl 
substituted ketopiperazine. Compound M is sulfonylated, 
followed by ring formation, to give compounds such as la 
and 22. Deprotection and coupling of the resulting acid 
with the appropriately functionalized amine provides 
products such as 21 and 22- 

scheme 13 discloses a general method for synthesizing 
compounds of the invention containing amino substiuted 
delta-lactams. Compound 21 (Scheme 6, n=2) is treated with 
H2 and Pd/C in acetic acid, followed by treatment with 
toluenesulfonyl chloride, to produce di-tosylate 
Treatment of 25. with LiOH, followed by 
ditertbutyldicarbonate, produces acid 2£. Acid 2£ is 
coupled to the appropriately functionalized amine using 
EDAC, or other standard peptide coupling methods, to 
provide the desired product wherein n=2. 

Scheme 14 discloses a general method for synthesizing 
compounds of the invention containing amino substituted 
delta-lactams which do not contain histidine residues. 
Compound m (Scheme 6, n=2) is reductively alkylated with 
the corresponding amino acid methyl ester and the resulting 
product is thermally cydized to delta-lactam 22. 
Treatment of 21 with HBr/HQAc, followed by reaction with 
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sulfonyl chlorides or sulfamoyl chlorides / produces the 
amino protected compound 2B.. Ester hydrolysis of IE, 
followed by coupling to the appropriately f unctionalized 
amine using EDAC or other standard peptide coupling 
methods, provides the desired product wherein n=2. 

Scheme 15 describes an improved synthesis for the amine 
in Example 139. The lactone £2 was reduced with LAH at room 
temperature in 5 min and then cyclized under Mitsonobu 
condition to give the tetrahydrofuran derivative M in high 
yield. The free amine 35, was obtained by deprotection of M 
under acidic condition followed by a basic work-up with 
saturated NaHC03. 

Scheme 16 discloses a general method for the synthesis 
of the coit5>ounds of the invention containing an N,N- 
disiabstituted terminal amino group. Treatment of lactam 
ester 2fi. with various aldehydes and sodium. cyanoborohydride 
in inert solvents produces the N-alkyl compound 22.. Standard 
ester hydrolysis and coupling to various amines using 
standard peptide coupling methods produces the final 
inhibitors . 

Scheme 17 discloses an improved method for the 
synthesis of lactam intermediates such as 2Z and 21 which 
are used in the synthesis of compounds of the invention. 
Compoimd p6 (J. Chem-. Soc. (c) , 329, 1221) is deprotonated 
and alkylated with allyl bromide to provide £1. Hydrolysis 
(aq. lithium hydroxide followed by acidification) affords 
the amino acid which is treated with CBZ-NOS and then 
paraformaldehyde to give chiral oxazolidinone 
Hydroboration of M (9-BBN then NaOOH) and oxidation to the 
aldehyde (PCC) is followed by reductive alkylation with 
amino acid esters to provide the lactams. 
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a: K2CO3. EtOH: b: UOH. MeOH-HgO; c: HOBT. EDAC. Amine.HCl 
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f: Hydrolysis followed by EDAC coupling of the amine 
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Scheme-5 




a- LDA Benzyl Bromide. THF b: MethanoVSulphuric Acid followed by Benzyl Alcolioi/ 
fsOH Reflux c: Oxalyl Chloride, DMSO.TEA d: L-nor-Leu-OMe. Sodium Cyanoborohydride 
IP A e: Hydrogen. 10% Pd-C. MeOH f: EDAC. HOBT,TEA.DMF g: UOH. Diox-Water 
h: HQ Amine. EDAC, HOST, TEA. DMF 
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SCHEME 8 
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a: CFaCpjH; b: H2,PdC: c BH3/THF; d: CICOCOCI, DMSO.TEA; 

e: H-His-OanTsOH2.NaOAcNaCNBH3; f: CF3CO2H. then EDAC. H037: 

g: Eoc-0-Boc.then Hj.Pd^C; h: EDAC. HOST. Amine, ihen HOAa 
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a) Benzyl bromoacetate, TEA, THF 

b) BOC-Anhydride, Methylene Chloride 

c) Pyridine-SOs 

d) L-nor-Leu-OWIe, NaCNBHs, IPA 

e) Reflux in Xylene 

f) NaOH, MeOH-H20 

g) Amine, EDAC, HOBT, DWIF, TEA 
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Particularly useful intermediates for the preparation 
of the novel compounds of this invention are compounds of 
the formula: 

Z R2 



/ Y X 

(CH2)n / V^OH 



A— R3 

or an acid halide or activated ester derivative thereof. 
X is 

(I) 

(II) O or 

(III) CH. 



is 

(I) absent/ 
(ID hydrogen, 

(III) an N-protecting group, 
{IV) aryl, 

(V) heterocyclic, or 

(VI) Rg-Q" wherein 
1) Rg is 

i) loweralkylr 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino, 

V) (alkoxyalkyl) (alkyl) amino, 

vi) (alkoxyalkoxyalkyl) (alkyl) amino, 

vii) aryl, 

viii) arylalkyl. 



wo 90/04917 



PCrAIS89/04649 



-116- 



ix) aminoalkyl, 

X) (N-protected) aminoalkyl / 



xi) alkoxyr 

xii) substituted loweralkyl wherein 
the substituent is selected from 
alkoxy^ thioalkoxy, halogen^ 
alkylamino, (N-protected) (alkyl) amino 
and dialkylamino/ 

xiii) 



hydrogen, hydroxy r alkoxy^ thioalkoxy, 
alkoxyalkoxy, polyalkoxy, aminor 

(N-protected) amino ^ alkylaminOf 

(N-protected) (alkyl) amino or 



wherein Rg is O, SOjr 0=0 or RgN 
wherein Rg is hydrogen, loweralkyl or 
an N-protecting group; and 
2) Q is 

i) C=0 or 

ii) CH^r 

with the proviso that X is N when R^ is 
an N-protecting group; 




(CH2)m 



wherein m is 1 to 5 and is 



dialkylamino; or 
xiv) 
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(VII) R54S(0)2- wherein R54 is 

1) amino, 

2) alkylamino, 

3) dialkylamino, 

4) loweralkyl, 

5) haloalkyl/ 

6) aryl/ 

7) p-biphenyl, 

8) heterocyclic or 

(VIII) (R55) 2? (0) - wherein R55 is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino. 

A and L are independently selected from 

(I) absent, 

(II) C=0, 

(III) SO2 and 

(IV) CHj. 

D is 

(I) C=0, 
(ID SO2 or 
(III) CHg- 

Y is 

(I) N or 

(II) CH. 



R2 is 

(I) hydrogen. 
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(II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CH2-R3^Q-(CH2)q-i^2^ wherein 

1) q is 0, 1 or 2, 

2) Rj^Q is absent or R^q is 0, NH 
or S only when q is 1 or 2, and 

3) Kj^^ is 

i) aryl or 

ii ) heterocyclic . 

Z is 

(I) hydrogen or 

(ID -R28^^°^^9' ^R28S(0)2R29 or -R28-C(S)R29 
wherein 

1) R^g is 

i) NH, 

ii) -N(R2oo)~ wherein R200 is 
loweralkyl or benzyl or 

iii) CHj and 

2) R2g is 

i) alkoxy, 

ii) benzyloxy^ 

iii) alkylaxnino, 

iv) dialkylamino, 
V) aryl or 

vi) heterocyclic . 

R3 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl. 
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(IV) cycloalkylalkyl, 

(V) cydoalkenylalkyl, 

(VI) alkoxyalkyl, 

(VII) thioalkoKyalkyl, 
(Villi) (alkoxyalkoxy) alkyl, 

(IX) (polyalkoxy) alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl. 

n is 0 or 1: 

Acid halide derivatives of the above intermediates 
include the acid chloride. Activated ester derivatives of 
the above intermediates include activated esters commonly 
used by those skilled in the art for activating carboxylic 
acid groups for coupling with an amine to form a peptide 
bond, including, but not limited to formic and acetic acid 
derived anhydrides, anhydrides derived from alkoxycarbonyl 
halides such as isobutyloxycarbonylchloride and the like, 
N-hydroxysuccinimide derived esters, N-hydroxyphthalimide 
derived esters, N-hydroxybenzotriazole derived esters, N- 
hydroxy-5-norbornene-2,3-dicarboxamide derived esters, 4- 
nitrophenol deri\^ed esters, 2,4,5-trichlorophenol derived 
esters and the like. 

Novel conqpounds of the invention include the 

following. 
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Pref erred con5)Ounds of the invention include: 
3- (3-Thiazolyl) -2- (3R-benzyl-4-N- (N-methylpiperazyl) - 
sulfonyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
Butyl 5 (S) -aniino-6-cyclohexyl-4 (S> -hydroxy-2 (R) - 
isopropylhexan-amide ; 

3-(3N-tert-butyloxycarbonyl-2-iniidazolyl) -2- (3R-benzyl-4-N- 
(li-itiethylpiperazyl) -sulf onyl-2-keto-pipera2in-l-yl) - 
propionic acid Amide of (2 'S, 1 'R, 5S) -3-Ethyl-5- (1 '-hydroxy- 
2 • -amino-3 ' -cyclohexylpropyl) oxazolidin-2-one; 
3- (2-imidazolyl) -2- (3R-benzyl-4-N- (N-methylpiperazyl) - 
sulf onyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
( 2 ' S , 1 • R, 5S ) -3 -Ethyl-5- ( 1 ' -hydroxy-2 ' -amino-3 ' - 
cyclohexylpropyl) oxazolidin-2-one ; 

3- (3N-tert-butyloxycarbonyl-2-imidazolyl) -2- (3R-benzyl-4N- 
(N-methylpiperazyl) -sulf onyl-2-keto-piperazin-l-yl) - 
propionic acid Amide of 2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) - 
dihydroxy-6-methy Iheptane ; 

3- (2-imida2olyl) -2- (3R-benzyl-4N- (N-methylpiperazyl) - 
sulf onyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) -dihydroxy-6- 
methy Iheptane ; 

3- (3N-tert-butyloxycarbonyl-2-imidazolyl) -2- (3R-benzyl-4N- 
(N-methylpiperazyl) -sulf onyl-2-keto-pipera2in-l-yl) - 
propionic acid Amide of 2 (S) -Amino-3-cyclohexyl-l (R) - 
hydroxy)propyl-4 (S) -methyltetrahydrofuran; 
3- (2-imidazolyl) -2- (3R-benzyl-4N- (N-methylpiperazyl) - 
sulfonyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
2 (S)-Amino-3-cyclohexyl-l (R) -hydroxy) propy 1-4 (S) - 
methyltetrahydrofuran; 
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(2S) - ( (3S) - ( (N-methylpiperazinsulf onyl) -amino-3- 
phenylmethyl-2-oxo-l-piperidinyl) 3- (4-tliiazolyl) -propionic 
acid amide of 2(S)-Aiiiino-l-cyclohexyl-3(R),4{S)-dihydroxy- 

6-methy Ihept ane ; 

(2S) -Methyl- ( (3S) - ( (N-methylpiperazinsulf onyl) -ainino-3- 
phenylmethyl-2-oxo-l-piperidinyl) -3- (4-thiazolyl) propionic 
acid amide of 2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) -dihydroxy- 

6-methy Ihept ane; and 

(2S) -2- ( (1-tert-butyloxycarbonyl) -l-imidazol-4-yl-methyl) - 
3. ( (3 (s) - (4-inetliyl-benzenesulfonyl) -amino-3-phenylmetliyl-2- 
oxo-l-piperidinyl) amide of 2 (S) -Amino-l-cyclohexyl- 
3 (R) r 4 (S) -dihydroxy-e-methylh^tane. 



The following exanqples will serve to further 
illustrate preparation of the novel compounds of 1 
invention. 
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Exawple 1 

6-methv1 he pt-3-ene . 
To a stirred -78-C solution of Boc-cydohexyl alanine 
methyl ester (40 g. 140 »nol) In anhydrous toluene (250 ml) 
was added dlisobutyl aluminum hydride (130 MX. 1.5 M solution 
in toluene, 121.4 ml) at a rkte to keep the internal temper- 
ature below -60-C. After stirring for an additional 20 
minutes at -78-C. the aldehyde solution is used immediately 

as described below. 

To a potassium hydride (35%' dispersion in oil. 32.09 g) 
suspension in a O'C mixture of anhydrous THF/DMSO (1000 
ml/200 ml) under dry N2 was added 1.1.1.3.3.3-hexamfethyl- 
disilazane (209 M55. 49.07 g) dropwise. After stirring at 
0-C for 1 hour, the resulting solution was added via cannula 
to a 0-C flask containing isopentyltriphenylphosphomum 
bromide (209 MX. 125.66 g). The mixture was stirred vigor- 
ously for 1 hour at which time It was cooled to -78-C. The 
-78-C aldehyde solution prepared above was then added via 
cannula. After stirring at -78-C for 15 minutes, the mix- 
ture was allowed to slowly warm to room temperature and then 
heated to 40-C for 12 hours. The mixture was then cooled to 
room temperature and quenched with methanol (7.65 ml) fol- 
lowed by aqueous Rochelle salts (100 ml saturated solution 
and 500 ml H2O). The mixture was then extracted with ethyl 
acetate (2x). The combined extracts were washed with water 
and brine. Drying (MgS04) and evaporating provided crude 
alkene which was chromatographed on silica gel (ether/ 
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hexane) to give 16.5 g (38«) of the desired compound as an 
85:15 mixture of cis:trans isomers, m.p. = 53-55''C. Mass 
spectrum: M"^ * 309. 

Anal. Calcd. for CigH35N02: C, 73.7; H. 11.4; N, 4.5. 

Found: C, 73.8; H, 11.4; N, 4.5. 

Example 2 

2(S) -Ami no-l-cvc1ohexv1- 3,4-dihvdroxY-6- 

■.Pthvlhmtane; The 3fR \4fS^. 3fSMfS^. 3fRMfR). 
and 3fSUfR^ Diastereomers . 
To a solution of the resultant compound of Example 1 
(8.50, 27.5 ramol) in dry THF (150 ml) were added OSO4 (2.8 
ml of a 2.5% solution in t-butanol and N-raethylmorphol ine N- 
oxide (9.28 g, 68.7 mmol). After 4 days the mixture was 
partitioned between ether (200 ml) and brine (100 ml). The 
aqueous layer was back-extracted with ether (2 x 100 ml), 
and the combined organic phase was washed with 10% Na2S03, 
0.1 M H3PO4, and brine. Drying (MgSO^) and evaporating 
provided a residue (10.81 g) which was chromatographed on 
silica gel to elute a 60% yield of the 4 diols in the fol- 
lowing order. 

3(R1 .4fS) Mass spectrum: (H+H)* = 344. 

Anal. Calcd. for C19H37NO4: C, 66.4; H, 10.9; N. 4.1. 

Found: C. 66.4; H, 10.8; N, 3.9. 

3f S) .4(3) Mass spectrum: » 344. 

Anal. Calcd. for C19H37MO4: C. 66.4; H, 10.9; N. 5.1. 

Found: C, 66.4; H, 11.1; N, 4.0. 

3(RK4(R) Mass spectrum: (M+H)**' » 344. 

3fS^.4fR) Mass spectrum: (IWI)* « 344. 

Anal. Calcd. for C19H37MO4: C, 66.4; H. 10.9; M, 4.1. 

Found: C. 66.0; H, 10.7; N, 4.0. 
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« 



The 3(R) 4(S)-isomer was converted to the corresponding 
free amine or its hydrochloride salt following the procedure 
given below. A 0.17 g (0.50 irnnol) portion of the 3(R).4(S)- . 
isomer was added to 5 ml of 4M HCl-Dioxane at room tempera- 
ture After 1 h at this temperature, solvent and excess HCl 
was removed under reduced pressure. The residual liquid was 
dissolved in CHgClg-toluene (1:4 ratio) and then concen- 
trated under reduced pressure which gave the solid hydro- 
chloride salt. To obtain the free amine, the HCl-salt was 
added to a stirring slurry of NHj-HjO/AcOEt. The organic 
layer was separated, dried over MgSO^, and concentrated in 
vacuo to produce the desired free amine. 

Example 3 

4(S^-t-Butvi"XYcarbonv lamino-5-cyclohexyl- 
^c^-hyrfrnyy-l-pentene. 
To a stirred -78'C solution of Boc-cyclohexylalanine 
methyl ester (10.2 g. 35.8 mmol) in dry toluene (60 ml) was 
added diisobutylaluminum hydride (34 ml of a 1.5 M solution 
in toluene). After 30 min, vinyl magnesium bromide (108 ml 
of 1 M solution in tetrahydrofuran (THF)) was added. After 
stirring for 15 h at O'C. the mixture was carefully quenched 
with methanol, treated with Rochelle salts (22 ml of satur- 
ated aqueous solution in 140 ml H2O). and filtered. After 
extracting the solids 5 times with ethyl acetate, the 
extracts and filtrate were combined and the organic phase 
was washed with brine, dried, filtered and evaporated to an 
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oil (10.2 g). Chromatography on silica gel eluting with 
hexane/ethyl acetate mixtures provided 6.1 g (60%) of the 
desired product. 

Anal. Calcd. for CisHggNOj-^s HgO: C, 66.8; H, 10.3; 
N. 4.9. 

Found: C, 66.9; K, 10.2; N,.4.7. 

Exaimrle 4 

4fS^-CYClohexylmethYl-5fR.SUvinv1-2-oxazo lidinone. 

The resultant product of Example 3 (2.80 g. 9.88 inmol) 
in dry dimethyl formamide (DMF) (50 ml) was added to a stir- 
red suspension of NaH (593 mg of a 6035 dispersion in oil, 
14.8 nmiol, hexane washed) in dry DMF (50 ml). After 3 h, 
the mixture was quenched (750 ml water + 100 ml brine) and 
extracted with ether (5 x 100 ml). The combined organic 
phase was washed with brine (3 x 50 ml), dried (MgS04), 
filtered and evaporated to an oH (2.23 g). The MMR 
spectrum of the crude product revealed an 82:18 mixture of 
5S:5R dlastereomers. Silica gel chroraatograplv gave 80% 
recovery of pure diastereomers. 5S: 

Anal. Calcd. for C12H19HO2: C, 68.9; H, 9.1; N, 6.7. 

Found: C, 68.4; H, 9.2; M, 6.5. Mass spectrum: 
(M+l)"*" = 210. 5R: Mass spectrum: (M+l)* = 210. 

Example 5 

( 3S . 4$) -3-Hvdroxy-4-am1no-5-cvclohexyl-l-pentene > 
To the resultant 5S-diastereomer from Example 4 (2.06 g, 
9.84 maol) In dioxane (180 ml) and water (120 ml) was added 
barium hydroxide octahydrate (6.24 g, 19.8 ramol). The 
mixture was refluxed for 18 h, cooled, filtered, concen- 
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trated, taken up in water and extracted with ethyl acetate 
which was dried over Na2S04 and evaporated to afford 1.64 g 
(91X) of the desired product, m.p.: 59-61'C. 

Anal. Calcd. for CnHjiNO: C. 72.08; H. 11.55; N. 7.64. 

Found: C. 71.67; H, 11.68; M, 7.36. 

Example 6 

r3S. 4SU3-Hvdroxv-4-tert-butv1 oxvcarb onvlami no- 
5-cvcl obex v1 -l-pentene . 
To the resultant compound from Example 5 (1.62 g» 
8.84 mmol) in methylene chloride (20 ml) was added di-tert- 
butyldicarbonate (1.93 g, 8.84 mmol). The mixture was 
stirred for 14 h, diluted with ethyl acetate, washed sequen- 
tially with 0.5 M H3PO4, saturated NaHC03 solution and 
brine, then dried over Na2S04 and evaporated to afford 
2.51 g (10035) of the desired compound. 

Example 7 

f 3S .4$) -3-Methoxvetho xYniethoxv-4-tert- 
butv1oxvcarbonv1aroino-5-cvc1ohexv1 -l-pentene. 
To the resultant compound from Example 6 (2.51 g, 
8.84 mmol) in methylene chloride (20 ml) was added 
diisopropylethyl amine (4.60 ml, 26.4 mmol) and raethoxy- 
ethoxychloromethane (3.00 ml, 26.3 mmol). After stirring at 
room temperature for 24 h the mixture was concentrated, 
diluted with ethyl acetate, washed with 0.5 M H3PO4, satur- 
ated NaHC03 solution, then brine, dried over NagSO^, and 
evaporated- Chromatography on silica gel with ethyl 
acetate/ hexane mixtures afforded 2.63 g (80%) of the 
desired product as an oil. EI-MS: M* ■ 371. 
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Example 8 

( 2RS . 3R »4S> -3-MethoxYethoxYinethoxy -4-tert- 
butv1oxvcarbonvl8inino-S-cvc1 ohexv1-l»2-oxoDentane. 
To the resultant compound from Example 7 (5.41 g, 
14.56 ninol) in methylene chloride (50 ml) was added 
3-chloroperbenzoic acid (6.28 g). After stirring at room 
temperature for 60 h the mixture was concentrated, diluted 
with ethyl acetate, washed with cold 1:1 15% aqueous Na2S03 
solution/saturated NaHCOj solution (2 x 200 ml), saturated 
NaHC03 solution (3 x 100 ml) then brine (1 x 100 ml), dried 
over Ma2S04, and evaporated to afford 4.57 g (81«) product 
as an oil. EI-MS: M"^ = 387. 

Example 9 

r 2 • S . 1 ' R . 5S) -3-Eth vl -5- ( 1 ' -methox vet hox vmethoxy- 
2 ' -tert-butvloxycarbonvl amino-3' -cvcl ohexvlpropyl )- 

oxazol 1 di n-2-one . 
To the resultant compound from Example 8 (310 rag, 
0.80 mraol) in isopropanol (5 ml) was added ethyl amine 
(200 mg, 4 mmol). "Hie mixture was heated at 70"C for 48 h, 
evaporated and dissolved in raetoylene chloride (5 ml). To 
this solution was added triethylamine (0.34 ml, 2.4 mmol) 
and phosgene in toluene (1.0 ml, 1.2 mmol, 12.53S solu- 
tion). After 2 h the mixture was diluted with ethyl 
acetate, washed with 0.5 M H3PO4, saturated MaHC03 solution 
then brine, dried over Na2S04 and evaporated. Chromatog- 
raphy of the residue on silica gel with 1:1 ethyl acetate/ 
hexane provided 14.3 mg (4«) of the 5R isomer followed by 
63*0 mg (17%) of the desired 5S isomer, both as oils. 

5S-Isomer: ^H-NMR (CDCl3,TMS) 5 4.83 (d.lH), 4.80 
(d.lH). 4.58 (m.lH). 3.49 (s.BH). 1.43 (s.9H), 1.15 (t,3H). 
5R-Isoraer: MS (M+H)+ » 459. 
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Exanrole 10 

A suspension of l-(2-pyrim1dyl)piperazine (6 g. 
36.6 mmol). ethyl 2-bromohexanoate (8.16 g. 1 equiv) and 
powdered K2CQ3 (5 g. 2 molar equ3v) in EtOH (50 ml) was 
heated under reflux for 3.5 h. The reaction was diluted 
with HjO/AcOEt. The organic layer was washed with brme, 
dried over MgSO^ and concentrated in vacuo to give 9.2 g 
crude oil (823S crude yield): DCI-NH3-MS. m/z (relative 
intensity). 307 (HH-^. lOOSf). and 233 {B%)x NMR (CDCI3. 
300 MHZ) « 8.30 (d.J=5Hz.2H). 6.48 (t.J=5Hz.lH) . 4.20 
(m.2H), 3.90-3.70 (m.4H). 3.21 (dd.J»6.8Hz,lH) . 2.75-2.60 
(m.4H). 2.10-1.20 {tn,9H). and 0.90 (6t.J=7Hz,3H) . 

Example 11 

?-(4.(?-.Pvrim1dYl> -p<pg'-"vT 1-hexanoic Add. 
The ester from Example 10 (4.66 g. 15.23 mmol) was 
dissolved in MeOH (100 ml) and hydrolyzed with LiOH (2 equiv 
in 30 ml HgO) at room temperature for 2 h. At the end. the 
free acid was generated by adding HCl-Oioxane solution 
(4.5 M in HCl. 8.8 ml used). The sample was evaporated to 
dryness and extracted with CHgClg. Evaporation of solvent 
under reduced pressure and drying under high vacuum gave 
3.95 g crude acid (B4«); DCI-NH3-MS. m/z (relative inten- 
sity). 279 (MH*. lOOX), 233 (lOX). and 164 (16X). 
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Example 12 

2-f4-(2-PvriniidYl)-piDerazin-l-v1WhBxano ic acid Amide of 
2fSVAiirino-l-CYClohexv1-3fR).4 fSVdihvdroxy- 
6-in&thv1heptane » 
To a solution containing the free amine from Example 2 
(218 mg, 0.89 mraol), HOBT (365 mg, 3 equiv), acid (250 mg, 
0.89 mmol) from Example 11 in dry DMF (10 ml) at 0»C under 
Hg, was added EDAC (173 mg. 1 equiv). The reaction was 
stirred at 0"C for 2 h and then at room temperature over- 
night. The light yellow solution was diluted with sat 
NaHC03 and AcOEt. The organic layer was washed with brine, 
dried over HgS04 and concentrated in vacuo . The chromatog- 
raphic purification (silica gel. AcOEt-Hexane, 1:1) of the 
crude product gave two diastereomers 12A and 128 (275 mg. 
total yield 61JS): 

(12A): Rf = 0.51 (AcOEt); m.p. 150-151"C; DCI-NH3-MS. 
m/2 (relative intensity) 504 (HH"^. 10055), 416 (5%), and 278 
(8%): NHR (CDClj, 300 MHz) «: 8.31 (d,J=5Hz,2H), 7.00 
(MH.d.J=9H2.1H). 6.51 (t.J=5Hz,lH) , 4.48 (b S.IH), 4.35 
(m,lH), 3.90-3.72 (m,4H), 3.23 (b s,2H), 2.98 (t,J-6Hz.lH). 
2.70-2.55 (m.4H), 2.00-1.10 (ra.=22H). and 1.00-0.80 (m,9H); 
Anal. (C28H49O3H5) C,H,M. 

(12B): Rf = 0.41 (AcOEt); m.p. 217-218"C; DCI-HH3-MS, 
m/2 (relative intensity). 504 (HH*. 10055), 416 (855). and 278 
(IBX); MMR (CDCI3. 300 MHz) «: 8.32 (d,J=5Hz.2H), 6.85 
(d,HH,J=9H2.1H). 6.51 (t,J=5H2,lH) , 4.34 (m.lH), 3.85 
(t.J=4.5Hz.2H). 3.24 (b s.lH). 2.90 (dd.J=5.7H2.1H). 2.70- 
2.50 (m.2H), 2.00-1.10 (m.=22H), and 1.00-0.80 (m.9H); Anal. 
(C28H49O3N5) C.H.N. 
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Example 13 

2-(4-Ben2v1piDeridiivl-vn-hexanoic ad d Amide of 
2fS\-Amino-l-cvc1o hPxv1-3fRK4fSUdihvdroxy- 

e-methvl heptane . 

The desired compound was made following the procedure as 
described in Example 10, 11. and 12. In this case. 4-benzyl 
piperidine was used as starting material. 

Less polar diastereomer: Rf - 0.16 (hexane-AcOEt. 3:1); 
DCI-NH3-MS, m/2 (relative Intensity). 515 (MH*. 100J5). 342 
(2b3S). 289 (7X), 244 (41«). and 174 (52%); NMR (CDClj. 
300 MHz) 6: 7.32-7.10 (m5H). 7.08 (d,J»9H2.1H), 4.53 
(b S.IH). 4.29 (t of d,J»3.9.9H2.1H). 3.20 (b s.2Hy. 2.90 
(t,J=6H2.1H). 2.80 (b t.J=10.10H2,2H). 2.55 (b d,J«7H2.2H). 
2.29 (t,J=ll. IIH2.IH). 2.10 (t.J=llH2.1H). 1.90 (m.lH), 
1.80-1.05 (ra.=27H), 0.98-0.80 {m.9H); Anal. (C32H54O3N2) 
C.H.N. 

Example 14 

2-(4-Ben2vlpiDerid1n-l-yl)-he xanoic acid Amide of 
2fsV-Aniino-l-cvclob ''>^Y^-3fR^.4fS)-dihydroxy- 
fi-methvl heptane . 
This is the more polar diastereomer of the compound 

described in Example 13. 

» 0.14 (Hexane-AcOEt. 3:1); OCI-NH3-MS. ra/2 (relative 
intensity). 515 (MH+. 10035). 342 (17X). 289 (15X). 244 
(67X). and 174 (40«); NMR (CDClg. 300 Mte) «: 7.31-7.10 
(ra,5H). 6.89 (d.J=3H2,lH). 4.30 (n.lH). 3.21 (b s.lH). 2.90- 
2.70 (m.2H). 2.53 (d.J=7H2.1H). 2.20-1.10 (m.=27H). 1.00- 
0.80 (m.9H); Anal. (C32H54O3N2) C.H.N. 
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Example 15 

2-f4.f4-MethoxvDheny1)-oiDera2in-l-v1>-hex anoic acid Amide 
of ^fS^-Am^no-l-CYC^ohexv^-3(R). 4(SUd^hvd^oxy- 
6-methv1 heptane . 
The desired compound was made following the procedure 
described in Example 10, 11, and- 12. In this case 
(4-methoxyphenyl)-pipera2ine was used as the starting 
material. 

Less polar diastereomer: ».p. 152-153'C; Rf = 0-30 
(Hexane-AcOEt, 1:1); DCI-NH3-MS, n/z (relative intensity). 
532 {MH+. lOOX), 261 (18JS). and 191 {8«); NHR (CDClj. 
300 MHz) 6: 6.98 (d,J=9H2,lH) , 6.92-6.80 (m,4H). 4,47 
(b S.IH). 4.33 (t of d.J=4.9.9H2,lH). 3.78 (s.-0CH3,3Hl. 
3.24 (b s,2H). 3.10 (m.4H). 2.98 (dd.J«6,7H2.1H) , 2.23 
{ra,4H). 1.92 (ra.lH), 1.80-1.08 (m.=22H). and 1.00-0.80 
{ra,9H); Anal. (C31H53O4N3) . C.H.N. 

Example 16 

2-f4-(4-Hethox>fphenYl^-Dlperazin- l-vl^-hexanoic acid Amide 
of 2fSl-Amino-l-cyelohexvl-3fR) -4fS^-dihvdroxy- 
6-methvl heptane . 

This is the more polar diastereomer of the compound 
described in Example 15. 

m.p. 147-148'C; Rf = 0.25 {Hexane-AcOEt, 1:1); DCI-MH3- 
MS (relative intensity, 532 (HH+. 100«). 342 (4X), 261 
(23?{), and 193 (83J); NHR (CDC13. 300 MH^) «: 6.92-6.80 
(m.4H), 4.65 (b S,1H). 4.32 (t of d.J=5,9.9Hz.lH), 3.78 
(s.-0CH3,3H), 3.25 (b s,2H). 3.10 (t.J=4.4H2.4H) . 2.91 
(dd.J-5.7Hz.lH). 2.80-2.62 (m.4H). 1.93 (m.lH), 1.80-1.10 
(ra,=22H), and 1.00-0.80 (m,9H); Anal. (C31H53O4N3) C.H.N. 
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Examole 17 

fi-mPthyl heptane . 
The desired compound was synthesized following the 
procedure described in Example 10. 11. and 12. 2.Pyridyl- 
piperazine was used as the starting material. 

Less polar diastereomer: OCI-MH3-MS. m/z (relative 
intensity) 503 (MH*. lOOX). 485 {6«). 415 (7«), and 277 
(7%); MMR (CDCI3. 300 MHz) fi: 8.20 (ra.lH), 7.49 
(t.J-7.7Hz.lH). 7.00 {d.J=9H2.1H). 6.64 (m.2H). 4.45 
(b S.IH), 4.34 (t of d,J.4.9.9Hz.lH). 3.63-3.45 fn.^H). 3;25 
(b S.2H). 2.98 (t.J=7Hz.lH). 2.80-2.60 (m.4H). 1.93 (m.lH). 
1.80-1.05 (m. H). and 1.00-0.80 (m.9H); Anal. (C29H49N4O3) 
C*H,N. 

Example 18 

,,c ^,Am.no-i-rvmphexv^ -^f°)/f^^-^^hvdroxy- 
B-nwthYl heptane . 
The title compound was made starting with S-benzyl- 
piperidine and following the procedure as described in 
Example 10. 11. and 12. This synthesis produced four pos- 
sible diastereomers and the spectral data for three active 
diastereomers are given in Example 18 (Rf=0.49.Hexane-EtoAc 
l-iy 19 (Rf=0.32,Hexane-EtoAc 1:1 and 20 (Rf»0.42. Hexane-^ 
EtoAc 1:1). OCI-NH3.HS. m/z (relative intensity), 515 (MH . 
1005S). 244 (30<). and 174 (24X); NMR (CDCI3. 300 MHz) 
«: 7.34-7.10 (m.5H). 7.02 (b S.IH). 4.30 (m.lH). 3.22 
(m,2H). 2.89 (m.lH), 2.79 (m.2H). 2.60-2.45 (m.2H) . 2.30- 
1.05 (ra.=31H), and 1.05-0.75 (m,9H); Anal. (C32H54O3N2) 
C«H,N. 
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Example 19 

2-f3-Ben2vlDlDeHdin-l-v1)-hexanoic a cid Amide of 
2fS^-Anrino-l-CYClohexv1-3fR1.4( SVdihvdroxy- 
6-methv1 heptane . 
The title compound was made starting with 3-benzyl- 
piperidine and following the procedure as described in 
Example 10, 11, and 12. This synthesis produced four pos- 
sible diastereomers and the spectral data for three active 
diastereoraers are given in Example 18, 19, and 20. OCI-NH3- 
HS, m/2 (relative intensity). 515 (flit, 10036). 342 (18JS), 
289 (16%). 244 (40%). 174 (43S5); NHR (CDCls, 300 MHz) 
«: 7.32-7.10 (m.5H), 6.93 (d.J=9H2.1H). 4.28 (ra.lH), 3.23 
(b s,2H). 2.87 (t.J=6Hz.lH). 2.75 (b d.J»10H2,2H) , 2.58 
(dd.J=7,13Hz,lH). 2.44 (dd.J=7,13Hz.lH), 2.25-1.10 (m,31H). 
0.95-0.83 (in.9H); Anal. (C32H54O3N2) C.H.H. 

Example 20 

2-(3-Benzvlpiperidin-l-yl>-hexanoic acid Amide of 
2 f SI -Ami no-l-cvcl ohex vl -3 f R) , 4 f S i h vdroxy- 
6-methYl heptane . 
The title compound was made starting with 3-benzyl- 
piperldine and following the procedure as described in 
Example 10, 11, and 12. This synthesis produced four pos- 
sible diastereomers and the spectral data for three active 
diastereoners are given in Example 18, 19, and 20. DCI-NH3- 
MS. m/z (relative intensity). 515 (MH"^. 100%). 342 (6%). 244 
(41%). 202 (21%), and 174 (61%); 
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Example 21 

MPthyl 2S-m- f^f^n7 y^.2-ben■ 'y1o^^cdr\>om^ 
ami no-ethvl ) - hexanoate » 

D-Phenylalaninol (7.89 g. 52.18 mmol) and N-{benzyloxy- 
carbonyloxy)-succinimide (13 g. 52.18 mo^) were combined In 
150 ml of CH2C12 and stirred for 21 h at room temperature. 
After this time, the solution was washed with saturated 
MaHCOj. dried over MgS04. and concentrated in vacuo to yield 
M.9 g (lOM) of solid product which was used for the fol- 
lowing reaction without further purification. 

S03-Pyridine (8.36 g, 52.5 mmol) was dissolved into 
20 ml of dry OMSO at room temperature. This solution was 
then added to a solution of CBZ-D-phenyTalaninol (5 g. 
17.5 mmol) and triethylamine (5.30 g. 52.5 mmol) in 100 ml 
of CHpClo at O'C. After stirring for I h, the reaction 
mixture was partitioned with 200 ml of AcOEt and 200 ml of 
brine. The organic layer was dried over MgS04 and concen- 
trated in vacuo to give 4.95 g of the desired aldehyde which 
was used for the following reaction without further purifi- 
cation. 

CBZ-D-Phenylalaninal (4.95 g. 17.5 mmol) and 
L-norLeucine methyl ester (Hydrochloride salt. 3.18 g. 
17.5 mmol) were stirred in 100 ml of dry methanol at O'C. 
Anhydrous NaOAc (2.87 g. 35 mnol) was added as a solid, and 
the reaction was stirred at O'C for 2 h. After this time. 
KaCNBH, (1.09 g. 17.5 mnol) was added portionwise over one 
half hour, and the reaction was stirred an additional one 
hour. At the end. excess borohydride was quenched with 
dilute HCl and the aqueous layer was basified with NazCOj. 
The crude product was extracted with AcOEt and purified by 
column chromatography. OCI-RH3-MS. m/z (relative inten- 
sity), 413 (MH+. 100«). 
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Example 22 

Methvl 2S-f n- f 2R-Ben2v1 -2-ben 2v1oxvcarfaony1 -ami no- 
ethvl ) -N- ( benzyl oxycarbonvl-methy 1 ^-aroi no-hexanoate . 
To a suspension containing the amino ester from 
Example 21 (2 g, 4.85 mraol) and IC2CO3 (1-34 g, 9.70 ninol) in 
55 ml dioxane at room temperature, was added benzyl bromo- 
acetate (2.22 g, 9.69 innol). The contents were heated under 
reflux for 9 h and then poured onto a slurry of H20-AcOEt. 
The organic layer was washed with brine, dried over MgS04 
and finally concentrated in vacuo . The crude product was 
purified by column chromatography (silica gel, Hex-AcOEt, 
2:1) and which gave the desired title compound (2.24 g, 
82%): NHR (CDC13, 300 MHz) 6: 7.40-7.10 (ra,15H), 5.22- 
5.00 (m.6H). 3.88 (m,lH). 3.52 (s,-0CH3,minor L-Phe-L-KorLeu 
component), 3.53 (s,-0CH3.major D-Phe.L-Horleu component), 
3.55-3.25 (m,3H), 3.08-2.65 (m.2H), 2.43 (t,J=12Hz.lH) , 
1.70-1.10 (m,6H), and 0.81 (m,3H). 

Example 23 

Methvl 2S-f 3R-benzvl-S-oxoVp ipera2in-l-vl) -hexanoate . 
The benzyl ester from Example 22 (1.85 g, 3.30 mmol) was 
dissolved in AcOEt (100 ml) and reduced with 10% Pd/C (1 g). 
under H2 (4 atmosphere) at room temperature for 2 h. At the 
end, the catalyst was removed by filtration and the crude 
product (1.08 g, 90% yield) was dried under high vacuum: 
DCI-NHj-r^S; m/2 (relative intensity), 337 (HH*, 8%). 319 
(MH^-HgO, 100%). The amino acid obtained above was sub- 
jected to cyclization with DCC (653 mg, 3.21 mmol) and HOBT 
(1.30 g, 9.62 innol) in CH2CI2 (30 ml) at room temperature 
for 9 h. The solid urea was removed by filtration and the 
crude product was purified by column chromatography (silica 
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gel. 100% AcOEt) which gave 420 mg (40« after two steps, 
considerable amount of starting material remained unreacted) 
of the desired cyclic product: DCI-HH3.MS. m/z (relative 
intensity). 319 (HH*. 100%). and 259 (ll*); NMR (CDCla. 
300 MHZ) «: 7.38-7.20 (m.3H), 7.18 (d.J=7Hz.2H) . 6.27 
(b S.IH). 3.72 (S.-OCH3.3H). 3.38 (S.-CO-CH2-N-.2H). 3.28 
(t.J-7H2.1H). 2.90-2.62 (m.SH). 1.80-1.58 (m.2H). 1.40-1.20 
(m.4H), and 0.90 (t,J»7Hz,3H). 

Example 24 

,^c> |,D_K.n, y^.^.oxo^-piper — •"-^-Y-'^->^^^^"°^c acid 
nf 2fsVA --— ^--r-'">'^^v1-3-(R).4fS)-dihydroxy, 

fi-methyl heptane . 
The cyclized ester from Example 23 (256 mg. 0.80 mmol) 
was dissolved in dioxane (20 ml) and reacted with LiOH 
(300 mg. 7.14 irnnol. In 2 ml HgO) at room temperature over- 
night. The next day. the solution was cooled, to O'C and 
neutralized with HCl-Oioxane (4.5 H solution. 1.58 ml 
used). Solvent was removed under reduced pressure and the 
acid was extracted with CHgClz (trace MeOH). Evaporation of 
solvent under reduced pressure and drying under high vacuum 
gave the corresponding crude acid (251 mg). DCI-NH3-MS. m/z 
(relative intensity). 305 (MH*. 18«). 259 (8«). 225 (11«). 

and 138 (lOOX). 

The acid (300 mg. 0.986 mmol) obtained in the previous 
reaction was dissolved in DMF (10 ml) and reacted with 
Amine.HCl from Example 2 (279 mg. 1 mmol). EDAC (193 mg, 
1 equiv). HOST (405 mg. 3 equiv). and Zt^V (278 ul. 2 equiv) 
at 0-C for 2 h and then at room temperature overnight. At 
the end. the reaction mixture was poured onto EtOAc-sat. aq. 
NaHCOo. The organic layer was washed with brine, dried over 
MgS04 and concentrated in vacuo. The crude product was 
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purified by column chromatography (silica gel, Hexane-AcOEt, 
1:1) to give 289 mg (55% from acid) of the desired product 
(less polar diastereoraer): DCI-NH3-HS, m/z (relative 
intensity). 530 (MH*, 100%), and 442 (6X); NMR (CDCI3, 
300 MHz) 6: '7.40-7.10 (ra,5H), 5.96 (b s.lH). 4.33 (in.lH), 
J.73 (m.lH). 3.45 (d,J»16Hz.lH). 3.30-3.15 (m,2H). 2.97 
(d,J»16Hz,lH). 2.84 (dd,J»5,14H2.1H), 2.60 (dd,J-9.13Hz,lH). 
2.45 (t.J=10Hz,lH), 2.05 (m.lH), 1.90 (m,lH), 1.80-1.10 
(ni,25H), and 1.00-0.70 (iD,9H). - 

Example 25 
CBZ-D-Phe-Glv-OHe . 

To a solution containing CBZ-D-Phe (15 g, 50 ramol) and 
K-methylraorpholine (5.5 ml, 50 mmol) in CH2CI2 (200 ml) at 
0"C, was added isobutylchlorof ornate (6.8 ml, 1 equiv). The 
reaction was stirred at 0*C for 8 Bin followed by the addi- 
tion of H-methylmorphollne (5.5 ml, 50 mnol) and the hydro- 
chloride salt of glycine methyl ester (6.30 g, 1 equiv). 
The reaction was stirred at 0"C for 1 h and then at room 
temperature for 4 h. The crude mixture was added to a 
slurry of H20-AcOEt. The organic layer was washed with 
brine, dried over MgSO^ and finally the dipeptide was 
crystallized from Hex-AcOEt to give 17.5 g of white solid 
(m.p. 114-115"C): = 0.55 (Hex-AcOEt, 1:1); DCI-NH3-MS, 
m/z (relative Intensity), 388 (MNH4"*', 41%), 371 (MH*, 100%); 

NMR (CDCI3. 300 MHz) «: 7.40-7.15 (m,10H), 5.10 (s,2H). 
4.45 (m,lH), 3.98 (dd.J»4,16Hz,lH), 3.74 (s.3H), 3.10 
(d.J-7Hz.2H). 
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Example 26 
2- f RUBenzyl -3 ^^-'^^ '^^^ "'"^ venzi ne . 

CBZ-O-Phe-Gly-OMe (9.5 g. 26 mrool) was dissolved in MeOH 
(150 ml) and subjected to hydrogenolysis in the presence of 
1056 Pd/C (1 g) and H2-atinosphere (balloon filled with H2) 
for 4 h at room temperature. At- the end. the catalyst was 
removed by filtration through a celite bed and the removal 
of MeOH under reduced pressure gave 6 g of D-Phe-Gly-OMe 
(=10055. crude yield). 

The crude product 0-Phe-Gly-OMe (6 g, 25 uunol) was 
powdered and then dispersed In 100 ml toluene and heated at 
reflux overnight. The reaction flask was cooled to O'C and 
the solid product (3.50 g, 69«) was collected by filtra- 
tion: in.p. 256-257-C; DCI-NH3-MS, «/z (relative intensity). 
222 (MNH4+, 10035); 205 (MH*. 3W); 

Example 27 
2-fRl-Ben2Yl-PiPeT-a2ine . 
2-Ben2yl 3,6-dlketopiperazine (3 g. 17 mmol) from 
Example 26 was suspended in THF (200 ml) and heated at 
reflux with LAH (2 g. 53 mmol) for 15 h. At the end. the 
solution was cooled to O'C and the excess LAH was destroyed 
with aqueous NaOH (10«, 20 ml used). The free amine was 
extracted with AcQEt which on drying over MgS04 and evapora- 
tion under reduced pressure gave 2.30 g (77% yield) of 2-R- 
benzyl piperazlne: DCI-NH3-MS. m/z (relative Intensity. 177 
(MH"^. lOOSf). 

Example 28 

Fthyi 2-fR.Sl-r3-R-Ben2vl-p iDera2in-l-vll-hexanoate. 
A suspension of 2R-ben2yl-pipera2lne (2.30 g. 13 mmol), 
ethyl 2.bromohexanoate (6.22 ml. 34 mmol) and anhydrous 
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powdered K2CO3 (7 g, 50 nniol) in 1,4-dioxane (100 ml) was 
heated at reflux for 13 h. At the end, the solid residue 
was removed by filtration and the crude product was purified 
.by column chromatography (silica gel, Hexane-AcOEt, 1:1) to 
give ethyl 2-(3R-ben2ylpipera2yl)-hexanoate (2.5 g, 60% 
yield): MH*, 319 (MH*. 1003S). 

Exaiiple 29 

Ethvl 2-fR.S)-f3-R-Ben2vl-4-W~tert-butvlo xvcarbonv1- 
pipera2in-l-vl>-hexanoate . 

Ethyl 2-(3R-ben2yl-pip?ri2ino)-hexanoate (2.5 g, 
7.86 mmol) was dissolved in CH2CI2 (20 ml) and reacted with 
(*Boc)20 (1.70 g, 7.86 mraol) at O'C for 2 h and at room 
temperature overnight. The following day, solvent was 
removed under reduced pressure and the crude product was 
purified by column chromatography (silica gel, Hexane-AcOEt, 
2:1) to give 3.10 g (953J yield) of ethyl 2-(3R-ben2yl-4- 
tert-butoxycarbony1)-hexanoate: DCI-NH3-MS, m/z (relative 
intensity). 419 (MK*, 1005S); NHR (COCI3. 300 MH2, dl- 
mixture at the n-butyl site) 6: 7.40-7.10 (ra,5H). 4.30-4.10 
(ra,4H), 3.20-2.20 (m,8H), 1.80-1.20 (ro,6H), 1.40,1.35 (two 
Singlets of tBu, two di aster eomers, total 9H), 1.25 (two 
overlapping triplets, total 3H, -0-CH2-CH3)» ^-^^ t*'^ 
overlapping triplets, total 3H). 

Example 30 

2-fR.S)-(3R-8enzvl-4-K-tert-butvloxvcarbonyl- 
Dipera2in-l-yll-hgxanoic acid Amide of 2fS)-Amino-l- 

cvcl ohexyl -3 f . 4 f S) -d ihvdroxy-6-methvl heptane . 
The ethyl ester (1.10 g, 2.63 mmol) from Example 29 was 
dissolved in ethanol (30 ml) and aqueous LiOH (1 N solution, 
4 ml used). The clear solution was heated at reflux for 
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3 h. At the end. solvent was removed under reduced pressure 
and the sodium salt (1 g. 97« yield) thus obtained was 
directly used for the coupling reaction as described below. 

The sodium salt (800 mg. 2.05 mmol), HOBT (830 mg. 
6.15 mmol), the hydrochloride salt of the amine from 
Example 2 and EDAC (394 rag. 2.05.mmol) were dissolved in OMF 
(25 ml) and cooled to O'C. To this solution was then added 
N-methylmorpholine (450 vU 4 nnol) and the reaction was 
stirred at room temperature overnight. The following day. 
the contents were poured onto a slurry of saturated NaHC03 
and AcOEt. The organic layer was washed with brine, dried 
over MgS04 and concentrated in vacuo. The crude product was 
carefully purified by column chromatography (silica gel, 10% 
AcOEt in Hexane) which gave two desired d1 astereomers (total 

yield 950 mg, 77%). 

(30A) Less Polar Diastereoraer: m.p. 148-149-C; DCI-NH3- 
MS. m/2 (relative intensity). 616 (Mff, 100«), and 345 
(23X); NMR (CDClj. 300 MHz) «: 7.35-7.15 (m.5H). 6.55 
(d.J-8H2.1H). 4.55 (b S.IH). 4.40-4.25 (ra,2H). 3.95 
(b S.IH). 3.25 (m,2H). 3.15 (t d.J-3.12.12H2.1H) . 2.98 
(b S.2H). 2.85-2.70 (m.3H). 2.35-2.20 (m.2H). 1.93 (m.lH). 
1.80-1.55 (m.8H). 1.45-1.10 (m,14H), 1.35 (s.tBu,9H), and 
1.00-0.80 (m.methyl isopropyl.9H); Anal. (C36H61N3O5) C.H.N. 

(30B) More Polar Diastereoraer: m.p. 187-188'C; DCI-NH3- 
MS. m/2 (relative intensity). 616 (HH+. 100«). 390 (1.0«). 
345 (41%). and 275 (43%); Anal. (C36H5XN3O5) C.H.N. 
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Example 31 

2..(4-fN-benzv1)-plDerazin-l-v1>-aceti c acid Amide of 
SfSUAmino-l-cyc1ohexv1-3fR^. 4fS>-dihvdroxy- 

5- methyl heptane . 

The title compound was made using the procedure of 
Example 10, 11, and 12 and the o-bromohexanoate was replaced 
with benzyl bromoacetate. DCI-NH3-MS. m/z 460 (MH*. lOOX); 
Anal. (C27H45N3O3) C.H.M; m.p. 169-171'C. 

Example 32 

2-(4-Ben2vl-piperazin-l-yl)-hexanoi c acid Amide of 
2fSl-Amino-l-cvc1ohexvl-3(RK 4fSUdihvdroxy- 

6- m&thv1 heptane. 

The desired final product was made using the same proce- 
dure as described in Example 10, 11, and 12. 

(32A) Less Polar Olastereoraer: OCI-NH3-HS, m/z 516 
(Mri*, lOOX) and 245 (48«); Anal. (C31H53N3O3.H2O) C,H,N.; 
m.p. 146-147'C. 

(323) tore Polar Diastereomer: MS, m/z 516 (HH , lOOS), 

m.p. 150-151'C. 

Example 33 

2-f3R-Benzvl-piperazin-l-yll-hexanoi c acid Amide of 
2f SI -Ami no-l-cvelohexvl-3f R) ,4 fSUdi hydroxy- 
6-methyl heptane . 
Made using the procedure as described in Example 28, 29, 
and 30. 

(33A) Less Polar Diastereomer: DCI-NH3-MS, m/z 
(relative intensity), 516 (HH+, 1003£), 428 (10«). 290 (15%), 
245 (58%); NMR (CDCI3, 300 MHz) «: 7.32-7.20 (m,5H), 
6.96 (d.J=9Hz,lH). 4.43 (b S,1H), 4.32 (t d,J=llHz.lH) . 3.23 
(m,2H), 2.93 (m,3H). 2.78 (t d.J=llHz,4H>. 2.60 
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(dd.J=lIHz.lH). 2.48 (b S.IH). 2.18 (b S.IH). 2.08. 
(t.J»UH2.1H). 1.92 (b S.IH), 1.70 (m.8H). 1.40-1.15 
(ro,14H), 0.89 (t.J«7Hz.3H); Anal. C31H53M3O3) C.H.N; ra.p. 
130-132»C. 

(338) More Polar Diastereomer: MS, m/z 516 (MH*. 1005J); 
in. p. 150-151-C. 

Example 34 

?-(3S-Benzvl-4-N-tert-butvloxvcarbonvl- pipera2in-l-yl>- 
hexanoic acid Amide of 2fSUAmino-l-C Yciohexvl-3fR).4(S)> 
dihvdroxv-6-methvlheDtane . 
The title compound was synthesized following the proce- 
dure described in Example 25. 29. 30. 

(34A) Uss Polar Diastereomer: DCI-NH3-MS, m/z relative 
intensity), 616 (MH*. 100S5). 345 (40%); NMR (CDCls. 
300 MHz), 7.38-7.12 (m.7H). 6.85 (d.J=10.5H2,lH) . 4.43-4.27 
(m.3H), 3.9 (b S.IH). 3.27-3.12 (m.3H). 2.97 (t,J»6.0Hz.lH). 
2.81 (m.2H). 2.72 (d.J=12Hz.lH). 2.25 (ra.2H). 1.96-1.6 
(m.lOH). 1.57-1.4 (m.4H) . 1.36 (s,9H), 1.35-1.12 (m.8H). 
0.86 (t.J=7Hz.3H); Anal. (CagHgiNjOg) C.H.N; m.p. 158-160»C. 

(348) More Polar Diastereomer: MS. m/z 616 (MH . lOOJJ); 
m.p. 130-132-C. 

Example 35 

2- f 3R-B6nzvl -4-N -d imethvl ami nocarbonvl -n i per az i n-l-vl ^ - 
hexaneic acid Amide of 2f$UA minQ-l-cvc1ohexvl- 
3( R) ^ 4 (S )-di h vdroxy-e-methv l heptane. 
The title compound was synthesized following the proce- 
dure described in Example 28, 29, and 30. 
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(35A) Less Polar Oi aster eomer: FAB-MS, m/2 (relative 
intensity), 587 (HH*. 40%), 316 (10056), 286 (20%). 271 
(18%), 244 (50%). 224 (20%); Anal. (C34H5gN404.% HjO) C,H,N; 
ni.p. 150-151'C. 

(35B) Horie Polar Dlastereomer: MS, m/2 587 (Hrt*); m.p. 
85-86-C. 

Example 36 

3-f 4-Th1 azol y1 ) -2- f R.S) -f 3R-benzv1-4-N-benzyl - 
piperazin-l-yl)-propionic acid Amide of 2(S)-Amino-l- 

cycl ohexyl -3 f Rl . 4f S) -dihydroxy-6-methylheDtane . 
Methyl 2-(3R-Benzyl-4H-ben2yl-pipera2yl)-acetate was 
deprotonated with NaN(TMS)2 in THF at O'C. The carbanion 
was then reacted with 3-chloromethyl thiazole and which on 
aqueous work-up and purification gave methyl 3-(3- 
thia2olyl)-2-(3R-ben2yl-4N-ben2yl-pipera2yl)-propionate. 
The methyl ester was hydrolyzed with LiOH and. then coupled 
to the amine following the procedure in Example 32. FAB-MS. 
m/2 647 (MH"^, 100%); Anal. (C38H54N403S-2 HgO) C.H.H; m.p. 
63-65" C. 

Example 37 

2-f3R-Benzyl-4-N-(4-N'-methylpipera2ln-l-yl-carbony1)- 
pipera2in-1-yl)-hexanoic acid Amide of 2f$)-Amino-l- 

cvc1ohexyl-3 (R) .4f S)-dihvdroxv-6-ffiethvlheptane . 
The title conqiound was made following the procedure 
described In Example 28. 29. and 30. 

Mixture of 0 i aster eomers: FAB-MS, m/z 642 (MH"^, 100%), 
371 (68%) and 271 (40%); Anal. (C37Hg3N504-1.5 H2O) C.H,N; 
m.p. 155-157-C. 
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Example 38 

2- f 3R-Ben2vl -4-N-f morohoi i n-l-v1 -carb onvl ^ -piperazi n)-l-y1 r 
hgxanoic add Amide of 2fS^-Ani- ino-l-CYClohexv1- 
3 r R> . 4 f S ) -d i hydroxy- 6 -mPthv1 hept ane . 
The title compound was made following the procedure 
described in Example 28, 29, and 30. 

(38A) Less Polar Diastereomer: FAB-MS. m/z (relative 
intensity), 629 (MK*. 60%), and 358 (lOOX); NMR (CDClj, 
300 MHz) 6: 7.30-7.14 (ra.SH), 6.69 (d.J=9Hz.lH). 4.48 
(b S.IH). 4.37 (t of d.J=UH2,lH), 4.15 (b S.IH). 3.54-3.32 
(ni.6H). 3.24 (b S.2H). 3.17-2.74 (m.lOH). 2.58 
(dd,>12Hz.lH), 2.31 (td,J=12Hz,lH). 2.12 (b S.IH). 1.94 
(m.lH). 1.67 (m.9H). 1.40-1.15 (m.llH). 0.91 (t.J-7Hz.3H); 
Anal. (C36H6oN405-% HjO) C.H.N; n.p. 173-174'C. 

(38B) More Polar Diastereomer: FAB-MS, m/z (relative 
intensity). 629 (MH*. 88X). and 358 (10055); ^H NMR (CDCI3. 
300 MHZ) «: 7.31-7.16 (m,5H). 6.54 (d,J«9Hz,lH) . 4.57 
(b s,lH), 4.37 (m,lH), 4.22 (b S.IH). 3.57-3.30 (m.6H). 3.25 
(b S,2H). 3.14-2.74 (m.lOH). 2.45 (dd.J'UHz.lH) . 2.32 
(t d.J=llH2.1H). 1.94 (b S.IH). 1.80-1.60 (m.lOH). 1.44-1.14 
(m.llH). 0.92 (m.6H). 0.88 (t.J=7H2,3H); Anal. 
he^mh^S'^Z^^ C.H.N; m.p. 104-105-C. 

Example 39 

N-tert-ButYloxvcarbon yl-N-anvl-D-Phe-OMe. . 
D-Phe-OMe (20.75 g, 116 ramol) was dissolved in CH2CI2 
(200 ml) and reacted with W-anhydride (25.31 g, 116 mrool) 
at O'C for 16 h. At the end, solvent and *BuOH was removed 
under high vacuum which gave 29.5 g (9« yield) of the 
desired ^Boc-Phe-OMe; Rf » 0.45 (Hexane-AcOEt. 2:1); ^H NMR 
(CDClj. 60 MHz) 6: 7.13 (m.5H). 4.93 (m.lH), 4.50 (m.lH). 
3.65 (s.-0CH3,3H). 3.05 (d.J-6Hz.2H). and 1.43 (s.^Bu.9H). 
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Boc-Phe-OMe (20 g, 72 mraol) from the previous reaction 
was dissolved in THF (90 ml) and cooled to -IB'C, To this ^ 
was added sodium bis(triinethylsilyl)-amide (1 H in THF, 
78 ml) over 5 min period. The yellow solution was stirred * 
at -78"C for 1 h and then reacted with allyl bromide (12 ml, 
138 ninol) at -78"C for 2 h and then at room temperature 
overnight. The reaction was diluted with ether-hexane (1:1) 
and 2 M HCl (pH =3). The organic layer was washed with 
brine, dried over HgS04 and concentrated in vaaio to give 
21.56 g crude product which on chromatographic purification 
(silica gel. Hexane-AcOEt, 4:1) gave 1.80 g starting 
material and 18.20. g (80« yield) of the desired N-allylated 
product; Kf = 0.40 (Hex-AcOEt, 2:1. Rf = 0.31 for starting 
material); DCI-NH3-HS, m/z (relative intensity), 320 (MH*, 
10035), 281 (23%), and 264 (203J). 

Example 40 

N-tert-Butvloxvcarbonvl-M-formvlmet hvl-D-Phe-OMe. 
Ozone was passed Into a solution containing the allyl 
ester from Example 39 (4 g. 12.5 raraol) in 180 ml CH2C12 at 
-78° C until the color turned light blue. Excess O3 was 
blown out with O2 and the ozonide was cleaved by adding MegS 
(6 ml). The reaction mixture was kept stirring at room 
temperature overnight. At the end, solvent was removed 
under reduced pressure and the crude product was purified by 
column chromatography (silica gel. Hex-AcOEt, 3:1) which on 
drying gave 3.50 g (86% yield) of the desired aldehyde; Rf = 
0.40 (Hex-AcOEt. 1:1, Rf « 0.64 for the starting material); 
NMR shows two sets of signals which we believe could be due 
to the presence of rotamers. For convenience, we will * 
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assign the letter 'L' for the major component and 'M' for 
the minor component. These two components were Inseparable 
by tic: 

1h HMR (CDC13. 300 MHz) «: 9.39 (t.H.J=lH2.-CH0). 9.29 
(t,L.J=lH2.-CH0). 7.33-7.10 (m.SH), 5.15 (dd.L.J-S.lOHz. 
KH-CH-CO0CH3)T 4.68 (dd.M.^A.S.lOHz.NH-CH-COOCHj) . 3.77 
(S.MT-OCH3). 3.75 (S.L.-OCH3). 3.33 (m.2H). 2.97 (m.2H). 
1.36 (s.M.-O^Bu) and 1.34 (s.L.-O Bu). 

Example 41 

p^^,.uy. /9D-RonT Yl-7S-butr - o_.,>^-h„tYlQxvcarbonYl- 

■^, 6-d1a2al-suberate . 
Sodium cyanoborohydride (685 mg. 10.9 mmol) was slowly 
added to a solution containing the aldehyde from Example 40 
(3.50 g. 10.9 mnol) and nor-Leu-OMe (1.58 g, 10.9 nnol) m 
isopropanol (50 ml) at O'C. The reaction was stirred at 
room temperature overnight. At the end. excess borohydride 
was quenched with dil HCl at O'C (pH adjusted to 3-4) and 
then basif ied with K2CO3. The crude product was extracted 
with AcOEt and purified by column chromatography (silica 
gel. Hex-AcOEt. 3:1. during this process, part of the open 
fora starts cyclizing and produces the lactam) which on 
further drying under reduced pressure gave 4.05 g (823J 
yield) of the desired product; DCI-NH3-MS. m/z (relative 
intensity). 451 (MK*". 100«) and 158 (25«); NMR (CDCI3. 
300 MHz) 6: 7.30-7.10 (m.SH). 5.12 (dd.J=5.10Hz.lH) . 4.72 
(m.lH). 3.75 (b S.2H). 3.70 (S.-OCH3.3H) . 3.68 (S.-OCH3.3H). 
3.35-3.10 (m.2H), 2.80 (m.2H). 2.48 (m.2H). 1.90 (m.lH). 
1 45 (s.^Bu.9H). 1.60-1.20 (m.lH). and 0.88 (t.J-7.7Hz.3H), 
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Example 42 

MethvT 2- f 3R-Ben2Yl .4N-tert-butv1oxvcarbony1 - 
2-keto-Dipera2in-l-v1 )-hexanoate . 
The amine ester (4 gm, 8.88 innol) from Example 41 was 
dissolved in xylene (50 ml) and heated at reflux for 2 h. 
At the end, solvent was removed under reduced pressure and 
the crude product was purified by column chromatography 
(silica gel, Hex-AcOEt. 9:1) to give 3.60 g (9735 yield) of 
the desired lactam; DCI-NH3-MS, m/z (relative intensity), 
436 (MKH4*, 30%) and 419 (MH*. lOOJf); hi MMR (CDCI3, 
300 MHz) «: 7.30-7.10 (m.5H), 5.15 (dd.J-5.10H2.1H). 4.75 
(m,lH), 4.08 (b d. J=12H2,1H) , 3.70 (s,-0CH3.3H). 3.40-3.05 
(m.3H), 2.88 (t,J=12Hz,lH). 1.99 (m.lH). 1.70 (m,lH), 1.30 
(s,*Bu.9H), 1.50-1.20 (m,5H), and 0.90 (t.J=7Hz.3H); High 
Res. Mass: Calculated 419.2546 for C23H35N2O5, found 
419.2546; Anal. (C23H34N2O5) C,H,H. 

Example 43 

2- ( 3R-Benzy 1 -4N-tert-butvl oxvcarbonvl -2-keto- 
pioeraztn-l-vl)-hexanoic acid . 
The ester from Example 42 (0.65 g, 1.56 mmol) was dis- 
solved in MeOH (10 ml) and hydrolyzed with L10H (2 ml of 1 H 
solution in H2O) at room temperature overnight. The reac- 
tion was acidified with HCl-Oioxane (4.5 H in HCl, 0.45 ml 
used) and the solvent was removed under reduced pressure. 
The crude acid thus detained was used for the next reaction 
without further purification. DCI-NH3-MS, m/z (relative 
intenstiy). 422 (HNH4*, 18«). 405 (MH*. lOOSi). 361 (21«), 
349 (40%). 305 (18%). and 230 (20%). 
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Example 44 

2 (S) 3R-Ben2v1 -4N-tert-buty i nxycarbonyl -2-keto- 
piperazin-l-v1)-hey«nBle acid A ^^^p of 2fS^-Ainino- 
1 .rYrlQhexv1-3f .d (<;)-d1hvdroxY-6-inethv1heptane, 
The crude acid (300 mg. 0.74 nnnol) from Example 43 was 
dissolved in DMF (6 ml) and coupled to the amine from 
Example 2 (207 mg. 0.74 mmol) in the presence of EDAC 
(142 mg. 0.74 mmol). HOBT (300 mg. 2.22 mmol). and N-methyl- 
morpholine (0.081 ml. 0.74 mmol) at -20-C for 2 h and then 
at room temperature overnight. The following day, the 
reaction mixture was poured onto a slurry of aqueous MaHCOg 
and AcOEt. The organic layer was washed with brine, dried 
over MgS04 and finally concentrated in vacuo. Purification 
of the crude product by column chromatography (silica gel. 
Hex-AcOEt. 4:1) give 354 mg of the desired product (765S 
yield); FAB-MS. 630 (HH"^); NMR (COClg. 300 MHz) «: 7.30- 
7.10 (ra.SH). 6.58 (b s.lH). 4.99 (t.J=7Hz.lH). 4.75 
(b s.lH). 4.40-4.15 (m.2H). 3.80-3.60 (m.2H) . 3.40-2.80 
(m,5H). 2.05-1.05 (overlapping mul tip! ets.22H) , 1.20 
(s.tBu.9H). 0.97 (t.J=7H2.3H). 0.88 (d.J»7H2.6H); Anal. 
(C36"59"306) ^.H.N; m.p. 87-88*C. 

Example 45 

3R-(4-Imidazolyl )-^(R^-f3R-ben7v1-4-N-tert- 
hMi- ylnyvearbonvl-2-lceto -nioera2in-l-yl)-prop1on1c acid 
Amide of 2fS)-Am1no-l-CVC l"hPXYl-3fR^.4(S)- 
d i h vdrox v-6-methYl heptane . 
The title compound was made following the procedure 
described In Example 39-44. The nor-Leu-OMe was replaced 

with His-OME. 

= 0.74 (CHjClg-EtOH. 9:1. NHj-tank); DCI-NHj-flS. m/z 

(relative intensity). 654 (MH*. 100%). 636 (10%). and 554 
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(6JS); NHR (C0C13. 300 MHz) 6: 7.53 (d.a=lH2,lH). 7.30- 
7.10 (m.SH), 6.88 (s,lH), 6.71 (d,J=9Hz.lH). 5.39 (m,lH), 
4.72 (m.lH). 4.35 9m.lH), 4.17 (m.lH). 3.50-2.70 (m.SH). 
1.90-1.50 {m,8H), 1.50-1.10 {n.llH). 1.20 (s,*Bu,9H). 0.93 
(d.J=7te,3H); and 0.81 (d,J=7Hz,3H); Anal. {C36H55O6M5) . 

Example 46 

3S-f4-Imida20lv1W2fS^-f3R-be n2vV4^N^tert> 
butv1oxvcarbony1-2-keto-piDera2in>l-v1>-hexan oic acid 
Amide of 2(S^>Amino>a>cvc1ohexyV3fRK4fS)- 
d i h Ydroxy-6-meth v1 heptane , 
This is the less polar diastereomer of the compound as 
described in Example 45. 

Rf » 0.80 (CHgClg-EtOH. 9:1. NHj-tank); DCI-NH3-f4S. m/z 
(relative intensity) 654 {MH+. 10035). 636 (453J). 596 (16X). 
554 (14%), and 411 (8X). 

Example 47 

2 f f 3R-Ben2y1 >4>N>f 4- f N ' -methyl )-pi perazi n-l-y 1 - 
carbonvl)--2-keto-pij)era2in-l>vl^-hexa noic acid Amide of 
2fS>-Amino^l-cyclohexyl-3fR) -4fSl-dihYdroxy-6- 
methvl heptane > 
The title compound was made following the procedure as 
described in Example 39-44. The N^nethylpiperazyl group was 
attached using dry phosgene gas. 

DCI-NH3-MS. m/2 (relative intensity), 656 (MH*^, 100«), 
638 (15%), 413 (6395). 342 (1555), and 317 (2455); Anal. 
(CssHg^NgOs-HgO) C.H.N; ra.p. 132-134'C- 
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Example 48 

2fS^-f3R-Benzv1-4-N-fW-methv1-N-fin pthoxvtnethoxvethv1)- 
aro1nocarbony1^-2-keto-p1P pra7in-l-vlVhgxanoic acid Amide 
of 2fS^-Amino-l-cvelQhexv1-3fR) r4/SUdihvdroxy- 
S-methvl heptane . 
This compound was made using the procedure described in 
Example 39-44. N-methylethanolamine was first protected as 
MOM ether and then coupled to the Hng nitrogen using 

phosgene gas. 

DCI-NH3-HS. m/2 (relative Intensity). 675 (MH*. 98%), 
657 (20X). 432 (100J5). 336 (80«). 314 (45%). and 304 (20%); 
Anal. (C37H62N4O7) C.H.N; m.p. 68-69*C. 

Example 49 

3- ( 4-Th i azo 1 y1 ) -2- ( 3R-b enz v V4-W-morpho 1 1 n- 1- vl -carbony 1 - 
2-keto-olDerazin-l-y1>-Drop1on1c acid Amid p of 2fS>-Amino- 
l-cvc1ohexyl-3(R^. 4 (S^-dihvdroxv-6-me thvl heptane. 

This compound was made folloiwng the procedure described 
In Example 39-44. A racemic mixture of thiazole alanine was 
used as the starting material. The raorpholine group was 
attached using phosgene reaction. 

(52A) Less Polar Diastereomer: DCI-NH3-MS, ro/z 
(relative intensity), 684 (MH-^, 100%). 666 (75%). 473 (32%). 
461 (28%). 441 (50%). and 304 (24%); Anal. (C36H53N506S-!s 
H2O) C.H.N; m.p. 80-81'C.. 

(528) More Polar Diastereomer: HH* at 684; m.p. 179- 

180-C. 
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Exanple 50 

2(S'>-f3R-Ben2v1-4-N-inorpho11n-l-v1-c arbonv1-2-lceto- 
piperazin-l-vD-hexanolc add Amide of ZfSVAmino- 
l-cvc1ohexv1-3fR^i4(S^-dihvdr oxv-6-iiiethv1heDtane. 
The title compound was synthesized following the proce- 
dure described in Example 39-44. The morpholine was 
attached using phosgene as the carbonyl anchor. 

FAB-HS, n/z (relative intensity), 643 (MH*, 30%), 627 
(3«), 400 (100%). 344 (35«). and 257 (303S); Anal. 
(C36H58N406-% HgO). C.H.H; m.p. 139-140»C. 

Example 51 
3-f4-Imidazo1v11-2fS )-nR-benzv1-4-N- 
morpholin-l-vl-carbonYl-2-keto-p ipera2in-l-yll-DroDionic 
Acid Amide of 2fSl-Amino-l-cy elohexvl-3f Rl .4fS)- 
d i hvdroxy-6-«ethvl hectare . 
The desired compound was made following the procedure 
described in Example 39-44. The morpholine group was 
attached using phosgene method. In this case His-OMe was 
used as one of the starting materials. 

DCI-HH3-HS, m/2 (relative Intensity), 667 (MH*. 8635), 
649 (10035), and 304 (5035); Anal. (C35H54Ng06-2% HgO) C.H.N; 
m.p. 176-177'C. 

Example 52 
Ben7vl 2-Ben2yl-5-hYdroxY-pentanoate . 
«-Valerolactone (7.14 g, 71.35 nmol) was slowly added to 
a flask containing freshly made LDA (80 innol) in 200 ml of 
dry THF at -78'-C under Ng. After stirring the solution for 
40 min at -78"C. benzyl bromide (12.20 g. 71 mmol) was 
added. The bath was removed and the reaction was stirred at 
room tanperature for 40 min. At the end, the crude mixture 



wo 90/04917 



-161- 



PCTAJS89/04649 



was poured to a slurry of AcOEt-Hexane and 0.5 N HgSO^. The 
organic layer was washed with brine, dried over MgS04 and 
concentrated in vacuo . The crude product was then dissolved 
in 60 ml of MeOH and 10 ml of concentrated HjSO^. After 
stirring the solution at room temperature overnight, the 
acid was neutralized with aqueous NaHCOj. The crude product 
was extracted with AcOEt-Hexane and purified by column 
chromatography (silica gel, AcOEt-Hexane. 1:3) which gave 
6.2 g (40X yield) of methyl 2-benzyl-5-hydroxy-pentanoate; 
IH NMR (COCI3, 300 MHz) «: .7.30-7.10 (m,5H), 3.58 (S,3H,- 

OCH3. 3.56 (t.J-6H2.2H), 2.95 (dd,J«7,12H2.lH). 2.75 
(dd,J=6,12H2,lH). 2.69 (m,lH), 2.15 (s,lH.-OH). and 1.70- 
1.50 (m,4H). 

The methyl ester (4 g. 18 mmol) from the above reaction 
was dissolved in 10 ml of benzyl alcohol and 50 ml of 
Benzene. After adding TsOH-HgO (0.5 g. 2.63 mmol). the 
contents were heated under. reflux for 2 h. Once the 
required amount of H2O had been collected, the solution was 
concentrated under reduced pressure. The crude product was 
purified by column chromatography (silica gel, Hexane-AcOEt. 
3:1) which gave 3.8 g (71X) of the title compound: 7.40- 
7.10 (m.lOH). 5.03 (s.2H). 3.57 (t.J»6H2.2H). 3.00-2.60 
(m,=4H), and 1.80-1.40 (m,4H). 

Example 53 
Benzyl 2-Ben2vl-5-oxo-Dentanoate . 
A solution of oxalyl chloride (0.9 ml, 10 innol in 25 ml 
of CHgClg) was slowly added to a flask containing DMSO 
(1.5 ml. 21 tmol) in 3 ml CH2CI2 at -60-C under Ng. After 
5 rain, the alcohol from Example 52 (3 g, 10 ninol, 5 ml 
CH2CI2) was added dropwise over 5 min period. After stir- 
ring the contents for 30 min, EtjN (6.3 ml. 45 mmol) was 
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added and the mixture was wanned to room temperature. The 
suspension was stirred for 1 h and then poured to a slurry 
of CH2Cl2-H20-ice. The organic layer was washed with dilute 
HCl, brine, dried over MgS04, and finally concentrated In 
vacuo . The crude product was purified by column chromatog- 
raphy (silica gel, Hexan6-AcOEt.-4:l) which gave 2.85 g 
(9S«) of the title compound: NHR (CDClj. 36o MHz) 6: 
9.70 (t.J»lH2.1H.-CH0). 7.40-7.10 (m.lOH), 5.05 (s.2H). 3.95 
(t.J=6H2.1H), 2.75 (ro.2H). 2.41 (ra.2H). and 1.90 {m,2H): 
OCI-NH3-MS. m/z 314 (MNH4*. lOOSS). and 297 (MH*. 2035). 

Example 54 

Hethvl 2- (4-Ben2vT-4-carbobenzv1ox v-butyl - 
ami no Vhexanoate . 
To a flask containing the aldehyde from Example 53 
(0.9 g, 3 mmol) and methyl ester of L-nor-leucine (440 mg. 
3 nmol) in isopropanol (3 ml) at O'C under was added 
NaCNBH3 (190 mg, 3 mmol). The suspension was stirred at O'C 
for 2 h and then at room temperature for 12 h. The follow- 
ing day, the flask was cooled to 0"C and the excess NaaiBH3 
was destroyed with aqueous dilute HCl. After baslfication 
of the aqueous layer with Na2C03. the crude product was 
extracted with AcOEt, and purified by column chromatography 
which gave 1.20 g (94«) of the title compound. 

Example 55 

Methvl 2-f3-Ben7vl-2~oxo-piperidin-l-y l>-hexanoate. 

The benzyl ester from Example 54 was dissolved in 10 ml 
of MeOH and hydrogenolyzed (H2 in balloon in the presence of 
10% Pd/C. 0.3 g) at room temperature for 3 h. At the end, 
the catalyst was removed by filtration and the crude 
product, after removal of MeOH under reduced pressure, was 
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added to a flask containing HOBT (967 mg, 7.16 nnnol). EtjM 
(0.33 ml. 2.4 BBOl) in 10 ml of DMF at O'C. After 5 min. 
EDAC (458 mg. 2.38 mmol) was added and the reaction was 
slowly brought to room temperature. At the end of 13 h at 
room temperature, the contents was poured onto a slurry of 
aqueous MaHCOa and AcOEt. The product was extracted and 
purified by Column chromatography (silica gel, Hexane-AcOEt. 

4:1) which gave a mixture of two '^^"^^'•^"^^if ° "^^ 
1:1 ratio, dl mixture at the benzyl centre): OCI-NH3-MS. 

m/z 318 (MH*. lOOX). 

gxamole 56 

,. p.^-f^^-Ben2V^- ^-— ^-r^"^^^'^^" 1-y1>-hPxanoic acid Amide 
o|c^ .,....»-i-.yrinh.xv1-?>fR),4(S)-dihYdroxy- 

fi-mpth yl heptane . 
The methyl ester (305 mg. 0.73 mmol) from Example 55 was 
dissolved in HeOH-Dioxane (3 ml * 3 ml) and hydrolyzed with 
LiOH (100 mg, 3 ml of HgO) at room temperature for 3 h. At 
the end. the flask was cooled to O'C and the pH was adjusted 
to 2 with dilute HCl. The free acid after extraction with 
AcOEt, was dried under high vacuum for 2 h. 

The crude acid (305 mg. 1 m»ol) was then dissolved in 
DMF (4 ml) and coupled to amine-HCl (from Example 2, 280 mg) 
In the presence of HOBT (405 mg. 3 mmol). EDAC (192 mg. 
1 nnol). and EtjN (0.139 ml. 1 mmol). The reaction was 
stirred at O'C for 3 h and then at room temperature over- 
night. The following day. the contents were diluted with 
aqueous HaHCOa. and AcOEt. The organic layer was washed 
with brine, dried over MgS04. and concentrated in vacuo. 
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The crude product (containing two diasterecnners) was care- 
fully purified by column chromatography (silica gel, Hexane- 
AcOEt, 4:1) which gave 392 mg (74% total yield) of the title 
compound . 

fSSAl Less Polar Diastereomer 
DCI-HH3-MS. m/2 529 (MH*. lOOX). and 286 (41«); 

(S6B) tore Polar Diastereomer 
OCI-NH3-MS, Bi/z 529 (HH*. lOOJS). 

Examole 57 
f4S^-3-Ben2vloxvcarbQnvl-4-DhenYlmethy1- 

S-oxooxazolidine . 
Following the procedure of Ben-Ishai (J. Am. Chem. Soc, 
1957 , 79 , 5736), N-Cbz-L-phenyl alanine (10.0 gm, 33.4 ranol), 
paraformaldehyde (3.0 gm, 100.2 mmol), and p-toluenesulfonic 
acid (0.64 gm, 3.3 mmol) were suspended In toluene 
(150 ml). The reaction was brought to reflux and water 
removed azeotroplcally through the agency of a Dean-Stark 
trap until collection of water ceased (0.5-2.0 h). After 
cooling, the reaction mixture was diluted with ethyl ether, 
washed (IX, saturated aqueous MaHC03; IX, brine), dried 
(Ha2S04), filtered, and concentrated in vacuo to provide a 
solid after cooling. Recry stall izat ion from ethyl aretate/ 
hexanes provided, after the collection of two crops, the 
pure title compound (9.26 gm, 89«). m.p. » 85.5-86.5?C; MS 
(CI) (M*4m4)* - 329. (H4-H)* » 312; Anal. Calcd. for 

Cl8"l7'*°4' ^' ^' ^' 

H. 5.48; H. 4.40. 
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Example 58 

MS . AR) -3-Ben?v1oxvcarbonv1 -4-Dheny Imet hyl -4- 
( 1- ( 2-Dropeny 1 ) ^ - 5-oxooxazo 1 i d i ne . 
A 250 ml round bottom flask was charged with the 
resultant compound from Example 57 (5.32 g, 17.1 romol), THF 
(40 ml), and a magnetic stir bar. The flask was fit with a 
septum, a gas outlet, and cooled to -78'C while flushing 
with To the flask was added via syringe potassium 
hexaraethyldisnylamide (36.6 ml, 18.8 oiniol. 0.5 M solution 
in toluene); the resulting solution was stirred 0.5 h at 
-78-C. The allyl bromide (2.22 ml. 25.6 mmol) was passed 
through a neutral alumina pad just prior to addition as a 
single neat portion to the enolate solution. The reaction 
was quenched with saturated aqueous NH4C1 after being judged 
complete (1-2 h). The quenched mixture was partitioned 
between brine and ethyl ether. The organic layer was washed 
(IX, brine), dried (Na2S04), and concentrated in vacuo to 
provide a free-flowing light brown liquid. Purification by 
plug filtration through a pad of silica gel (100 g: 20% 
ethyl acetate/hexanes; 20 ml fractions) provided the pure 
title compound (4.56 g, 7655) as a colorless thick oil. MS 
(EI) M* = 351 (weak). (M-CH2CHCH2)'' = 310; Anal. Calcd. for 
C2iH2iN04-0.25 H2O: C. 70.92; H, 6.09; M, 3.94. Found: 
C, 70.69; H, 6.07; M. 3.94. 

Example 59 

r2R.2Sl-Methv1-2-f fben7v1oxvcarbo nvl>amino)- 
2- (phenvlmethyl ^-pent-4- eneoate. 
A 100 ml round bottom flask was charged with a magnetic 
stir bar, the resultant compound from Example 58 (4.28 g. 
12.2 mmol). 95* ethanol (50 ml), water (10 ml), and sodium 
hydroxide (0.97 g, 24.4 nnol). The reaction was refluxed 
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under for 1 h, cooled, concentrated in vacuo , and the 
resulting slurry poured into excess 10* aqueous HCl. The 
aqueous solution was extracted with ethyl ether (2X) , The 
C0Bd)ined organic layers were washed (2X, brine), dried 
(Ka2S04), filtered, and concentrated in vacuo to -100 ml. 
The ethereal solution was cooled to O'C and treated with 
excess dlazonethane and slowly warmed to rt over 1 h. 
Glacial acetic acid was added dropwise until the excess 
diazomethane was consumed. The resulting solution was 
concentrated in vacuo and chased with toluene (2X. 150 ml) 
to provide a light brown liquid. Filtration through a short 
silica gel column (100 gm; 20* ethyl acetate/hexane; 100 ml 
fractions) provided the pure title compound (3.91 g, 9135). 

Example 60 

f 2R.2S^-Hethvl-2-f fbenzvloxvcarbonyl >ami no>- 
2-f methyl carboxal dehvde)-3-DhenYl -p rooanoate. 
A 250 ml round bottom flask was charged with the 
resultant compound from Example 59 (0.619 g. 1.75 mmol), 
dichlororaethane (20 ml), and a magnetic stir bar. The 
reaction solution was cooled to -78"C and ozone bubbled into 
the solution until a light blue color persisted. The excess 
ozone was. purged from the reaction with N2 until the blue 
color was removed. Excess methyl sulfide (390 mcL, 5.25 
mno!) was added to the -78*C solution, the cooling bath 
removed, and the reaction warmed to -O'C. Concentration in 
vacuo and drying under high vacuum to a constant weight 
provided the title compound (0.69 g, 1103i). The unpurified 
aldehyde was used without further purification and could be 
stored in the freezer (T s lO'C) for up to 2 months. MS 
(EI) (M+H)* = 356 (weak). 
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Example 61 

(2S)-Methv1-f f 3R,3SUf fben2Vl» *yparbonv1 ^amino>- 
3-Dhenv1methYl-2-oxo-J -pY'^roT^dinYn-3- 

f 4-iinida2o1 yT >Dropi onate . 
An adaptation of the procedure of Borch (J. Am. Chem. 
Soc, 1971. 93. 2897) was followed for the reductive anrina- 
ti on* step. A flask was charged with the aldehyde resulting 
from Example 63 (217 mg. 0.611 mmol). the bis hydrochloride 
salt of methyl L-histldlne (148 mg, 0.611 nrool). anhydrous 
sodium actetate (100 mg. 1.22 innol), and freshly activated 
Ak molecular sieves (0.61 gm). The sodium cyanoborohydride 
(77 mg, 1.22 mmol) was added in a single portion and the 
reaction stirred at rt for 3 h. Excess 10% aqueous HCl was 
added to adjust the pH to -2. The resulting mixture was 
then adjusted to pHslG with saturated aqueous NajCOs and 
extracted with ethyl acetate (2X). The combined organic 
layers were washed (2X. brine), dried (Na2S04>, filtered, 
and concentrated in vacuo to provide the unpurified amino- 
diesters (230 mg). The title compounds were obtained by 
heating the aminodiesters (186.3 mg. 0.372 mmol) in an -O.IM 
solution of 1:1 (v:v) toluenetdimethoxyethane containing 
HOST (49 mg. 0.372 mmol) at lOO^C in a resealable tube for 
3-8 h. The yolatiles were removed in vacuo and the 
resulting slurry taken up in ethyl acetate, washed (IX, 
saturated aqueous Ha2C03; IX, brine), dried (Na2S04), 
filtered, and concentrated in vacuo . Purification by silica 
gel chromatography using methanol tchloroforro mixtures 
provided the title compounds as a 1:1 mixture at the lactam 
quaternary center. MS (CI) (M+H)* - 477; Anal. Calcd. for 
C26H28N405-0.75 HgO: C, 63.73; H, 6.07; N. 11.43. Found: 
C, 63.43; H, 5.76; M, 11.08. 
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Example 62 

(2S^ f 3R. 3S V f f Benzyl oxvcarbonyl ) a minos -3- 
phenv1methv1- 2-oxo-l-Pvrro1 idinvl )-3- 
(4-1inidazo1y1)propionic acid . 
The resultant compound from Example 61 (103 mg, 
Q.22 mmol) was dissolved in dimethoxyethane (1 ml) and water 
added until the solution just clouded. To the resulting 
solution was added LIOH.H2O (10.0 mg. 0.24 mmol). The 
mixture was stirred at rt for 1 h, neutralized with HCl 
(105 ul of 4.1M HCl in dioxane). concentrated in vacuo, and 
dried under high vacuum to provide the title compound. MS 
(CI) iVMi)* » 463. 

Example 63 

f 3-f f Benzvloxvcarbonyl ) aininol-3-phenvlmethyl- 
?-Q»o-l-DvrrolidinYll-3-f4-iroid a201v11proDionic acid 
Amide of f2S.3R.4Sl-2-ainip n-1-cYt:l°t^exYl-3.4- 
d ihvdroxy-fi-methvl heptane . 
The resultant compounds of Example 52 (99.9 mg, 
0.22 mmol) and 2 (60.4 mg. 0.22 mmol). HOBT (87.6 mg. 
0.65 mmol), and N-methylmorpholine (47 .m yl, 0.43 innol) were 
dissolved in dry DMF (0.86 ml) and cooled to -23'C (CCl4/dry 
ice bath.) under Ng. To this mixture was added (3-dimethyl- 
arainopropyl)-3-ethylcarbodiimide hydrochloride (41.4 mg, 
0.22 mmol) in a single portion. The reaction was stirred 
3* h at -23"C and warmed to rt as it stirred overnight. The 
reaction was poured into saturated aqueous NaHC03 and the 
resulting mixture extracted (2X, ethyl acetate). The com- 
bined organic extracts were washed (IX. brine), dried 
(Na2S04), filtered, and concentrated in vacuo. The 
resulting foam was purified by silica gel chromatography 
eluting with methanol chloroform mixtures to provide in the 
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order of elution. 

(53A): in.p. = (softening at 145*C) 198.5-201'C. Anal. 
Calcd. for CggHsjNgOg.O.S HgO: C, 67.22; H. 7.81; 
N. 10.04. Found C, 67.29; H, 7.72; N. 9.70. 

(63B): in.p. = 113-116"C (bubbling); Anal. Calcd. for 
C39H53N5O6: C. 68.10; H, 7.77; N, 10.18. Found C. 67.76; 
H, 7.82; N, 9.88. 

(63C): in.p. » 88.5-93'C (bubbling). 

Example 64 

MR.5S>-4-tnethv1-5-phe nYl-oxazolidine-2-one 
Into a dry 300 ml single-necked, round-bottom flask 
equipped for magnetic stirring was placed 40.2 g (0.27 tnol) 
of (lS,2R)-2-amino-2-phenylpropanol, 36 ml (35.1 g, 
0.30 mol) of diethyl carbonate, and approximately 2 g of 
anhydrous potassium carbonate. The flask was fitted for 
distillation through a 12" vigreux column and placed in an 
oil bath preequilibrated to 150'C. The stirred solution was 
heated until ethanol distillation ceased (overnight). Upon 
cooling to room temperature, the contents of the flask 
solidified. The reaction product was dissolved in dichloro- 
methane (200 ml), washed once with brine (50 ml), dried over 
anhydrous sodium sulfate, filtered, and concentrated under 
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reducied pressure to give a colorless solid. Recry stall i 2a- 
tlon from toluene afforded 40.8 g (85«) of A as a white 
solid, mp 120-122"C (Lit. mp 116-117'C, Neviman, M.S. et al-, 
J. Amer Chem. Soc, 1951, 73:4199-4203). 

Example 65 

f 4R.5S1 -4-methvl-5-Dhenvl -3- 1 3-Dhenvl -propionyl >- 
Qxazolidine-2-one . 
A mechanically stirred solution of the resultant com- 
pound from Example 64 (10 g, 56.4 mnol) in dry THF (200 ml) 
under an atmosphere of nitrogen was treated with n-butyl- 
lithium in hexanes (1.05 equiv, 22.6 ml. 56.4 mraol, 2.5 M) 
at -78*C. After stirring for an additional 20 min at -78°C, 
hydrocinnamoyl chloride (9.4 ml, 62 mraol, 1.1 equiv) was 
added and the reaction was allowed to warm to. room tempera- 
ture with stirring over 2 h. The clear reaction mixture was 
poured into 100 ml of saturated NH4C1. The organic layer 
was removed and the resulting aqueous layer extracted three 
times with dichloromethane. The combined organic extracts 
were washed once with brine, dried (anhydrous sodium 
sulfate), filtered, and concentrated under reduced pressure 
to afford a crude solid. This material was recrystallized 
fnan hot ethyl acetate/hexane at 0-5"C overnight. First 
crop yielded 12.9 g, mp 99-100"C. Second crop afforded 
3.6 g. Total yield 16.5 g (95J0. 

Example 66 

MR.5S'>-3f (ZS)'2\ (2S)-3t-butoxvcarbony1- 
2-benzvl propionyl 1 -4-methvl-5-phenvl -oxazoli di ne-2-one . 
To a stirred solution of the resultant compound from 
Example 65 (12.9 g, 41,7 mmol) in dry THF (100 ml) under 
nitrogen was added at -78"C a solution of sodium hexamethyl- 
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dlsilyl amide 45.9 ml (1 M in THF). After 30 min, t-butyl 
bromoacetate (13.6 ml, 83.4 mnol) was added as a solution in 
THF. The resulting reaction mixture was stirred for 1 h at 
-78'C. quenched with sat. NH4C1 solution (50 ml) and the 
entire reaction mixture partitioned between diethyl ether 
and water. The organic layer was separated and the aqueous 
layer extracted once with ether. The combined organic 
solutions were washed with 10% HCl, sat. NaACOj. brine, 
dried (Na2S04). filtered, and concentrated. The resulting 
yellow oil was submitted to silica gel chromatography 
(flash): yield 12.4 g (70JS). 

Example 67 
Preparation of Benzvl f2S)-2-Benzyl-3- 
t-butoxycarbonvl Propionate . 
To a stirred solution of dry benzyl alcohol (6.1 ml, 
58.4 mmol) in dry THF (100 ml) and cooled to 0-5'C (ice- 
water bath) was added 17.5 ml (2.5 M. 43.8 mmol) of n-butyl- 
lithium in hexane. After the addition was complete, a 
solution of the resultant compound from Example 66 (12.3 g, 
29.2 mmol) in THF was added dropwise. After 1 h at 0-5»C 
the reaction was quenched by adding excess saturated aqueous 
NH4C1. The reaction mixture was poured into a separatory 
funnel and extracted with diethyl ether (2x100 ml). The 
combined extracts were washed with brine, dried (NaS04) and 
concentrated to give the desired product and benzyl alcohol 
as a yellow oil. The benzyl alcohol was removed and the 
product purified by flash chromatography: yield 9 g (87«). 



t 



wo 90/04917 



-172- 



PCr/l)S89/04649 



Example 68 
(3R^-3-Ben^v^oxYcarbony^- 
3-Dhenv1methylDrooion1c add . 
The resultant compound from Example 67 (2.5 g, 7.1 mmol) 
in methylene chloride (5 ml) was treated with trif luoro- 
acetic acid (5 ml). After stirring at 25-C for 90 rain, the 
solvent was evaporated to afford the title compound as a 
colorless solid (2.05 g, 100S£); rap 48-52*C. 

Example 69 

Benzvl f2S>-4-hvdroxY-g-phenvlmeth vlbutanoate. 
Following the procedure described in Example 100, the 
resultant compound from Example 68 (2 g, 7.1 mmol) was con- 
verted to the title compound. MS (OCI): 302 (M+MH4)+. 285 
(M+H)*. 

Example 70 

(3S>-3-BenzvlQxvcarbony1 -B-phenvlm ethyloropanal . 
Following the procedure described in Exan^le 101, the 
resultant coin)ound from Example 69 (350 mg. 1.2 nmol) was 
converted to the title compound. 

Example 71 
Benzvl f2S>-2-fImida2ol -4-Yl methyl V-2- 
( ( 3S>-phenvlmethYl -2-oxopy rrol idin-l-vl ) acetate. 
Following the procedure described in Example 103 •, the 
resultant compound from Example 70 (450 mg, 1.6 mmol) was 
converted into the title compound. MS (OCI): 404 (M+H)*. 
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Fxamole 72 

(9«;)-2-rfl-ter<--R"tYloxvcg '">'»"Y'')-^"''^''"°^" 
4.Y1 methyl)- '^ |pc)-phpnv1inethy1- 
9-nYn pyrro1idiny -i-Y^)*«t1c acid. 
Following the procedure described in Example 104 the 
resultant compound from Example 71 (390 mg. ^.79 moViv,^ 
converted Into the title compound. MS (DCI): 414 (M.H) . 

Example 73 

^..^ . p,...,.-.-A-yi n.Pthvl^-7-a^M-phenYlmethyl- 

? p ^.miidin-l-vM -"'^^'- '^''-''^ ^^^'^^ °^ 

(9^ ,:^R,4Sl-2-af "^""-i'-'^v^1°heyy-'-^^-dihvdroxy- 

fi-mPthyl heptane . 
The resultant compound from Example 72 (160 mg. 
0.4 n«,ol) was treated according to the procedure in 
Example 118 to afford the title compound; mp 109-114 C. MS 

(OCI): 539 (M+H)*. _ 

Anal. Calcd. for C^^W.^l HgO: C. 67.53; H. 8.67. 

N. 10.16. 

Found: C. 67.18; H. 8.45; M. 10.09. 

Example 74 

f 2S . 4S) -3-Rpn7 vl ox vr ''^**»»Y'' -g-P>'e"V'' " 
A pu^^yw»hYi-5-oxooxazolid1ne 

Following the procedure of Karady. Tett. Lett.. 1984. 
25-4337. N-Cbz-L-phenylalanine (25 g. 83.5 innol). 
;;;.2aldehyde (18 g. 170 mmol). and p-toluenesulfonic acid 
(11.2 g. 58 lanol) were suspended in l.l.l-trichloroethane 
300 ml). The solution was refluxed for 18 hr and the water 
was removed by azeotropic distillation using a Dean-Stark 
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trap for liquids heavier than water. After cooling, the 
reaction was washed with saturated aqueous NaHC03 (3x50 ml), 
water (1x50 ml), dried over sodium sulfate and concentrated » 
1n vacuo to produce an orange oil. After about 1 h a solid 
crystallized from the oil and it was collected by vacuum ? 
filtration. The orange solid was recrystallized from ethyl 
acetate/hexane to produce colorless crystals (4.0 g, 12X); 
np 120-122^C. MS (CI): 405 (HfMH4)*. 388 (W*H)*. 

Example 75 
f2R.4Rl-3-Ben2Vloxycarbonvl-2-phenyl- 

4-DhenYlmethvl-5-oxooxa2ol idine 
Following the procedure described in Example 74, N-Cbz- 
D-phenyl alanine (25 g, 83.5 nmol) was converted into the 
title compound. 

Example 76 
f 2S . 4$)-3-Benzvl oxvcar hQnyl-2-phenvl -4- 
phenvlmethvl -4-( 1-f 2-propeny l 1 1-5-oxooxazol i di ne 
A 250 ml round-bottom flask was charged with the 
resultant compound from Example 74 (3.75 g, 9.7 mmol), THF 
(100 ml), and a magnetic stir bar. Vfhile under a nitrogen 
atmosphere, the flask was cooled to -78* C and via syringe 
potassium hexamethyldisilylamide (25 ml, 12.5 mmol. 0.5 M 
solution in toluene) was added dropwise. After 15 rain at 
-78"C, allyl bromide (1.76 g, 14.6 mmol. passed through 
neutral alumina prior to addition) was added over 1 min. 
After 1.5 h the reaction was quenched with saturated aqueous 
NH4CI (100 ml) and the layers were separated. The aqueous 
layer was extracted with ethyl acetate (3x100 ml) and the 
combined organic extracts were washed with saturated aqueous 
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NaCl (2x50 ml), dried over NazSOfl and concentrated in vacuo 
to afford a light yellow oil (4.4 g). Flash chromatography 
(100 g silica gel. 20% ethyl acetate/hexane. 8 ml fractions) 
afforded the product in 28-50. Concentrate like fractions 
to afford the title compound as a colorless solid (3.3 g, 
80%); mp 102-104-C. MS (DCI): -445 (M+NH4)+. 428 (M+H) . 

Example 77 

f2R.4R>-3-Ben7vloxvcarh »"Y''-^-°^^"^'''^~ 
phon Yi«.Pthvl-4-fl-(2-pr nppnvl^^-5-oxooxa2olidine. 

Following the procedure outlined in Example 76. the 
resultant compound from Example 75 (2.1 g. 5.4 mmol) was 
converted into the desired, compound. 

Example 78 

(9<;, 4<;)-3-Ben2v1oxyrarbonvl-2-f hPnYl-4-phenylmethy1- 
4-(l..f3-hYdroxvproDvl^U5- nxooxa2olidine. 

The resultant compound from Example 76 (3 g, 7 mmol) was 
dissolved in dry THF (100 ml) and then treated with 9-BBN 
(0.5 M in THF. 21 ml. 10.5 mmol). After stirring overnight 
at 25'C, excess 9-BBN was quenched by the dropwise addition 
of water (1 ml). The reaction flask was then immersed in a 
25'C water bath followed by the concurrent and dropwise 
addition of 3 N NaOH (23 ml, 69 nmol) and Z0% ^zOz 
(23 ml). Stirling was continued for 10 min after the addi- 
tion was completed after which the solution was saturated 
with solid NaCl. The layers were separated and the aqueous 
layer was extracted with ether (3x50 ml). The combined 
organic extracts were washed with saturated aqueous NaHCOj 
(2x50 ml), dried over NagSO^. and concentrated in vacuo to 
afford a colorless solid. Flash chromatography (100 g 
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silica gel, 40% ethyl acetate/hexane, 7 ml fractions) 
afforded the title compound as a colorless solid in 
fractions 29-59. Recrystallization from methylene 
chloride/hexane provided the title compound as colorless 
crystals (2.7 g, 87«); mp 130-13rC. MS. (DCI): 463 
(M+MH4)*, 446 (M+H)*/ 

Example 79 

f2R.4R'>-3-Ben2yloxvcarbonyl-2-Dhenyl-4-phenyl methyl- 
4-f 1- f 3-hydroxvDropvl ) )-S-oxooxazol idine . 

Following the procedure described in Example 78, the 
resultant compound from Example 77 (1.5 g, 3.5 iranol) was 
converted into the title compound. 

Example 80 

f2$.4S)-3-Ben2vloxvcarbonvl-2-phenv1-4-ph env1m£thy1- 
4- f 2- ( ethyl carboxal dehyde^ ) -5-oxooxazol id 1 ne . 

The resultant compound from Example 78 (860 mg, 
1.9 mmol) was dissolved in CH2CI2 (10 ml) and added to a 
vigorously stirred mixture of PCC (1.0 g, 4.9 tiniol) and 4 k 
molecular sieves (4 g) in CH2C12 (100 ml). Additional 
portions of PCC (0.5 g, 2.5 ninol) were added after 30 min 
and 45 min. After 1 h total reaction time, the mixture was 
poured into moist ether (200 ml). The reaction flask was 
rinsed with ether. (4x50 ml) and the combined organic 
solutions were filtered through celite and concentrated in 
vacuo to afford a dark semisolid. The crude product was 
dissolved in CH2CI2 and filtered through a 4 inch column of 
florisil. The filtrate (200 ml) was concentrated in vacuo 
to afford the title compound as a light yellow oil (450 mg, 
52X). MS (DCI): 461 (M+HH4)*. 444 (H+H)+. 
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ExawDle 81 

(9R, iiR)-3-Ben2v1oxvcar hnnv1-2-phenyi-^-phenv1inethy1- 
n.(7.(ethv1earboxa1dghvden-5 -nxooxa20lidine. 

Following the procedure described in Example 80, the 
resultant compound from Example 79 (0.6 g, 1.3 iranol) was 
converted into the desired product. 

Example 82 

(?S )-Methvl-f(3SW ((Rgn?v1oxvc«'^honvl^ani1no)- 
3-phenv^methy^-^-oxo-l-P1p ''^^dinvn-3- 
(■A-1m1da20ly l ^propionate. 
. .. Following the procedure described in Example 102. the 
resultant aldehyde from Example 80 (443 mg. 1 nmol) was 
reductively aminated with the bis hydrochloride salt of 
L-histidine methyl ester (242 mg. 1 mmol). The resulting 
aminoester (600 mg. 1 mmol) was converted to the corre- 
sponding lactam by refluxing in absolute methanol (60 ml) m 
the presence of isopropyl amine (170 yl. 1.95 mmol) under 
for 4 h. The volatiles were removed and the resulting 
substance was purified by flash chromatography (55 g silica 
gel. 5« Me0H/CHCl3. 8 ml fractions), affording the title 
compound as a colorless foam (300 mg. 61%). MS (CI):^ 
(M+H)* - 491. Exact mass calcd. for C27H31N4O5 t^*") • 
491.2294.. Found: 491.2294. 

Example 83 ' 
Msthvl ff3R] -((benzvloxyrarbonv1^amino)- 
3-Dhenvlmet hyl -2-oxo-l-p^ pgri di nvl ) -3- 
(A-iniida2olvl )prop1onate. 
Following the procedure described in Example 102, the 
resultant compound from Example 81 (400 mg. 0.9 nmol) was 
reductively aminated with the bis hydrochloride salt of 
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L-histidine methyl ester (218 mg, 0.9 innol). The resulting 
arainoester (520 mg, 0.87 innol) was dissolved in dry methanol 
(20 ml). Anhydrous sodium acetate (350 mg, 4.5 mmol) and 
glacial acetic acid (two drops) were added and the solution 
was heated In a seated tube for 15 h at IWC. The solution 
was concentrated In vacuo and the resulting residue was 
partitioned between ethyl acetate (100 ml) and saturated 
aqueous NaHC03 (50 ml). The aqueous layer was further 
extracted with ethyl acetate (3x50 ml) and the combined 
organic extracts were drijed over Na2S04 and concentrated in 
vacuo to afford a yellow foam. Rash chromatography with 
methanol /chloroform mixtures provided the title compound as 
a colorless foam (180 mg. 4235). MS (CI): 491 {VMi)*. 

Example 84 

Lithium f 2S)-2-f f 1-tert-But vloxvcarbonvl )- 

l-imidazol-4-yl me thvn-S-f f3S)- 
( (benzvloxvcarbonvl UminoVB-pheny lmethyl - 
2-0X0- 1-pi peridinvl ) acetate . 
The resultant compound from Example 82 (260 mg, 
0.53 mmol) was dissolved In dioxane (2 ml) and cooled to 0*C 
under a N2 atmosphere. Aqueous LiOH (0.5 M, 1.2 ml, 
0.6 mmol) was added dropwise and the solution was stirred 
for 2 h at O'C. Oi-tert-butyl dicarbonate (127 mg, 
0.58 mmol) was added at O'C and the solution was wanned to 
room temperature over 1 h and stirred one additional h. The 
solution was concentrated to afford the title compound as a 
colorless foam. 
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Tgvamnlf* 85 

T, ^^>,^„n, f?.q>- ?-f n-^or^-Bn^^r^nrv^f^r17onYl)- 
j^P^f^a■>r^^-il-v^-""»«^^■v^^-^^-f 

Following the procedure described in Example 84, the 
resulting compound from Exanple 83 (160 mg, 0.33 mmol) was 
converted into the title coB?>ound. 

rrK^>.y 1 »o^.>, vi -?-nrn-i -pjppr i fli nvl ) -3- 

(it-<n.<ria.>r>1v1^ rr"r^""^'^ ^^^^ ""'^^^ f?S.'^Br^S)- 

The resultant compound of Example 84 (300 mg, 0.53 
nmol), the resultant compound from Example 2 (148 mg, 0.53 
mmol), HOST (215 mg, 1.35 mmol) , and N-methylmorpholine (59 
ing, 0.58 mmol) were dissolved in dry DMF and cooled to 
-230C under Nz- To this solution was added EDAC (102 mg, 
0.53 mmol) in one portion. The reaction was stirred for 3 
h at -230C, warmed to room temperature and stirred 
overnight. The reaction was poured into saturated aqueous 
NaHC03 (50 ml) and the resulting mixture was extracted wxth 
ethyl acetate (4x75 ml) . The combined organic extracts 
were washed with saturated aqueous NaCl (2x50 ml) , dried 
over NazSO* and concentrated 1n YflCTP to afford a yellow 
oil. The oil was dissolved in THF (1 ml) . Acetic acid (3 
ml) and water (1 ml) were added and the reaction was 
stirred for 2 h at 500C. The cooled reaction was 
concentrated in Yf^nuQ and the resulting oil was dissolved 
in ethyl acetate (200 ml) and washed with saturated aqueous 
NaHCOa (3x50 ml) , saturated aqueous NaCl (2 x 50 ml) , 
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dried over Na2S04, and concentrated in vacuo to provide a 
yellow foam. Flash chromatography (2.5% MeOH/CHCl3) 
afforded In the order of elution. 

(86) (116mg): op 95-lOrC. MS (FAB): 702 (M^-H)"^. * 
Anal. Calcd for C40H55N5O5..6 H2O: C, 67.41, H 7.95, 

N, 9*83. ^ 
Found: C, 67.12; H, 7.85; li, 9.87. 

(87) (108 mg): mp 98-105*C. MS (FAS): 702 (M4-H)*. 
Anal. Calcd. for C4oH55K505*.2 H2O: C. 68.10; H, 7.92; 

H. 9.93. 

Found: C, 67.79; H, 7.89; N. 9.78. 

Example 88 

(2R or 2S)-(f3R)-f(Ben2yloxycarbonyl)amino)-3- 
phenylmethyl~2-0X0"l-piper1d1nvl)-3- 
(4>imida2o1vl)propionic acid amide of {2S,3R,4S)- 

Following the procedure described in Example 86, the 
resultant compound from Example 85 (137 mg, 0.33 mmol) was 
converted into the title compounds as an inseparable 
mixture; mp 95-105*C. MS (FAB): 702 (M+H)"*". 

Example 89 
( 2RV2>Hydroxy^3-phenylpropano1 c acid . 
fj. Med. Chero.. 2 3 . 666 
Following the procedure of Johnson, 1980, D- 
phenylalanine (16.5 g, 100 mmol) was dissolved In IN H2SO4 
(150 ml) and cooled to 0*C. A solution of NaN02 (10.5 g, 
150 mmol) in water (50 ml) was added dropwise. The mixture 
was stirred for 2 h at 0*C and for 3 h at 25*C. The product 
was extracted into ether (5x100 ml) and the combined ether ^ 
extracts were dried over Na2S04 and concentrated in vacuo to 
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about 100 ml. Hexane (300 ml) was added and the product 
which crystallized out was collected by vacuum filtration to 
afford the title compound as a colorless solid (9 g. 54X); 
mp = 124-125'C. 

Example 90 

MPthyl f2R^»2- HY'^roxv-3-phpnY^DroDanoate. 
Following the procedure of Cohen (J. Am. Chem. Soc. 
1964 , 86. 5326). the resultant compound from Example 89 
(8.6 g. 52 nmol) was dissolved in dry methanol (250 ml). 
p-Toluenesulfonic acid (2 g. 10.5 mmol) was added and the 
solution was refluxed for 2 h. The cooled solution was 
concentrated in vacuo and the residue was dissolved in ether 
(400 ml). The ether solution was washed with saturated 
aqueous NaHCOa (3x50 ml), water (2x50 ml). 0.1 N H2SO4 
(1x50 ml), water (1x50 ml), dried over Na2S04. and 
concentrated in vacuo to afford a colorless solid. The 
solid was recrystallized from hexane to provide the title 
compound as colorless needles (7.7 g. 833J); mp - 46-47-C. 

Examole 91 

Moth yl r2Rl-3-p h^nYi-2-a-f2-prnpRnoXY)proDanoate. 
The resultant compound frt>m Example 90 (3.8 g. 21 nmol) 
and allyl bromide (5.1 g. 42 mmol) in dry DMF (20 ml) was 
cooled to 0-C. Sodium hydride (60X in oil. 556 mg. 23.2 mg) 
was added in portions over 1 h and stirring at O'C was 
continued for 1 additional h. The solution was carefully 
poured into saturated aqueous MH4CI (100 ml) and extracted 
with ether/hexane (1:1. 5x100 ml). The combined organic 
extracts were washed with saturated aqueous NaCl (2x50 ml), 
dried over Na2S04. and concentrated in vacuo to afford a 
yellow oil (4.4 g). Flash chromatography (100 g silica gel. 
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AQ% ethyl acetate/hexane. 8 ml fractions) afforded the 

product in fractions 22-30 which were concentrated in vacuo 

to afford tte title confound as a colorless oil (4 g, 

80SS). MS (OCI): 238 (H*NH4)+. 221 (M+H)+. * 

Example 92 * 

Methyl f2R)-2(formvlmethoxyU3-Phenvl propanoate. 

A CH2C12 solution (200 ml) of the resultant compound 
from Example 91 (3.9 g, 17.7 mmol) was cooled to -78»C and 
treated with a stream of O3 for 45 rain. Excess ozone was 
removed with a stream of dimethyl sulfide (4 ml) was 

added. After stirring overnight at room temperature, the 
solution was concentrated to afford the titled compound as a 
light yellow oil (4.0 g, MIX) which was used without 
further purification. MS (DCI): 256 (M+HH4+H2O)*. 240 
(M+NH4)+. 

Example 93 
Methyl f2S^-2-(Imidazol-4-vl methyn-2- 
f 3R) -phenyl methyl -2-oxomorphol i n-l ^y 1 ) acetate . 
Following the procedure described in Example 105, the 
resultant aldehyde from Example 92, (1 g. 4.5 mmol) was 
reductively aminated with the bishydrochloride salt of L- 
histidine methyl ester (1.09g, 4.5 mmol). The resulting 
aminoester (700 mg, 1.9 mmol) was dissolved in dry methanol 
(20 ml) and heated in a seated tube for 45 h at llO'C. The 
cooled solution was concentrated and purified by flash 
chromatography using methanol/chloroforra mixtures to afford 
the title compound as a light yellow foam (230 mg, 37S£). MS 
(DCI): 344 (M+H)*. 
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Pxamole 94 

t ithium r2S>-2-f n- ^^'-^-R"tv1oxvcarhonYl)-l-1tnida2oV. 
iL.Yl-methv1^-ff3R )-ph«'nYlmethv1-2-oxoniorpho1in- 

l-yl) acetate . 

Following the procedure described in Example 87. the 
resultant compound fron Example 93. (220 mg. 0.6 mmol) was 
treated with LiOH (0.5J1. 1.2 ml." 0.6 mmol) and then di-tert- 
■ butyl dicarbonate (131 ng. 0.6 mmol) to afford the title 
compound as a light yellow foam. 

Example 95 

(?R or 2Sl-a3R)-'^-phenvlmeth Yi-?^°xQ-l-morohoHn- 
i -vi\-^-f4-imida20 l Yi)prQPionic ncid amide of (2S,3R.4S)- 

Following the procedure described in Example 92, the 
resultant compound from Bxan^le 94, the resultant confound 
from Exan^le 2 (168 mg, 0.6 nnrol) , HOBT <2^^ ^'^ ""^^^^ 

N-methylmorpholine <67mg, 0.66 mmol) and EDAC (115 mg, 0.6 
„^1, provided the intermediate compound which was treated 
with H0AC/THF/H2O (3:1:1) at 50OC for 4 h. Normal workup 
afforded a crude product which was purified on silica gel 
using chloroform/methanol mixtures to afford in the order 
of elution, 

(95A) (110 mg) : mp 125-1270C. MS (FAB) : 555 (M+H) . 
(95B) (85 mg) : i«P 105-107OC. MS (FAB) : 555 (M+H) . 

Example 96 

| AP ^-?-(^.l>henvlprn p1onvn-4-(2-propyl)« 
nxa?QHdine-2-one . 
To a stirred solution of 4-(2-propyl)-oxa2olidine-2-one 
in anh ydrous tetrahydrofuran (250 ml) under a nitrogen 
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5 to 10 min. After stirring an additional 20 min at -78'C 
3-phenylpropionyl chloride (12.7 ml, 85.2 nmol) was added 
neat- The reaction was warmed to room temperature and 
stirred 1 to 2 h. The reaction was quenched by adding 
100 ml of saturated aqueous ammonium chloride and the 
volatiles were removed by rotary evaporation. The resulting 
aqueous residue was extracted three times with ether and the 
combined organic phases were washed with brine, dried 
(Na2S04), filtered and concentrated in vacuo. 
Recrystallization from hexanes/ethyl acetate provided the 
title compound (16.6 g. 82«). m.p. - 86.5-87.5-C. Mass 
spectrum: {^W<H4)■^ = 279, (H+H)* « 262. 

.Example 97 

(ag) -3-( (2RU3-t-butoxvcarbo nvl-2-benzvlproDlonyl )- 
4- (2-Dropvl ) -oxazol i di ne-2-one . 

To a stirred solution of the product resulting from 
Example 96 (2.28 g, 8.72 raraol). in anhydrous tetrahydrofuran 
(30 ml) under a nitrogen atmosphere at -78-C was added a 
solution of sodium hexamethyldisily.l amide (9.6 ml, 
9.59 mraol) in tetrahydrofuran. After stirring for 30 min at 
-78"C. t-butyl bromoacetate (2.21 g, 11.34 mmol) was added 
in anhydrous tetrahydrofuran and the resulting solution 
stirred 1 h at -78"C. The reaction was quenched by adding 
20 ml of saturated aqueous ammonium chloride and then parti- 
tioning the mixture between water and ether. The aqueous 
layer was drawn off and extracted with ether. The combined 
organic phases were washed with 10% aqueous HCl. saturated 
aqueous NaHCOs and brine, dried (Ma2S04). filtered, and 
concentrated in vacuo . Recrystallization from acetone/ 
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hexanes provided the desired purified product (2.59 g. 
793S). m.p. = 167-168»C. Mass spectrum: (M+NH4)* = 393. 
(M+H)* » 376. 

Example 98 
Ben2v1-f2R)-:^-(t-butoxyr arbQnv1^-2- 

hPnyYl-pyopion^te * 
To a stirred solution of dry benzyl alcohol (0.55 ml, 
5.33 mmol) in anhydrous tetrahydrofuran (18 ml) under a 
nitrogen atmosphere at O'C was added a hcxane solution of n- 
butyllithium (2.58 ml, 4.00 mmol). To this solution was 
added the product from Example 97 in anhydrous tetrahydro- 
furan (10 ml). After stirring 1 h at O'C the reaction was 
quenched by adding excess saturated aqueous ammonium 
chloride. The volatiles were removed by rotary evaporation 
and the resulting aqueous residue extracted two times with 
ether. The combined organic layers were washed with brine, 
dried (Na2S04). filtered, and concentrated in vacuo provided 
an oil which was purified by chromatography on SiOg (15% 
ether acetate/hexanes) to provide the desired product ^ 
(0.89 g. 94«) as a colorless oil. Mass spectrum: (M) « 
354. 

Example 99 

phPnYlmethvlp ropionic Acid. 
The diester from Example 98 (1.41 g) and 10% palladium 
on carbon (0.70 g) In methanol were stirred under a hydrogen 
atmosphere for 2 h. Filtration and solvent evaporation ^ 
afforded 1.03 g (98X) of the desired product as an oil. H 
NMR (CDCI3. TMS) 8 7.1-7.4 (m.SH). 2.95-3.15 (m.2H). 2.72 
(dd.lH). 2.56 (dd.lH), 2.32 (dd.lH). 1.40 (s.9H). 
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Example 100 

tert-Butvl (3R^-A-Hvdroxv-3-Dhenv1niethv lbutanoate« 
To the resultant acid from Example 99 (1.03 g, 
3.90 nunol) in tetrahydrofuran (4 ml, THF) at O'C was added 
BH3 in THF (5.8 ml, 5.8 ranol. 1.0 molar) over 2 min. After 
2 h at O'C the mixture was brought to room temperature and 
stirred for 2 h. The reaction was poured into saturated 
NaHC03 solution and extracted into ethyl acetate which was 
dried over Ma2S04 and evaporated. Chromatography of the 
residue on silica gel with ethyl acetate/hexane mixtures 
afforded 0.55 g (56X) of the desired product as an oil. 
NMR (CDCI3..TMS) « 7.15-7.35 (m,5H). 3.65 (m.lH). 3.52 
(m.lH). 2.65 {m.2H), 2.30 (ra.2H), 1.90 (m.lH). 1.46 (s.9H). 

Example 101 
(2R)-l-tert-ButYlQxvcarbonyl- 
2-Dhenylmethvlpropanal . . 
To oxalyl chloride (0.30 ml, 3.52 mraol) in methylene 
chloride (4 ml) at -69'C was added dimethylsulfoxide 
(0.35 ml. 4,9 nmol) in methylene chloride (5 ml). After 
5 min the resultant compound from Example 100 (547.0 mg, 
2.19 mmol) in methylene chloride (9 ml) was added. After an 
additional 10 min at -69"C triethylamine (1.20 ml, 
8.56 mmol) was added dropwise. After 15 rain the reaction 
was quenched with 2 M HCl (10 ml), poured into hexane and 
washed with water and brine, then dried over Ma2S04 and 
evaporated to afford 529.5 mg (98J5) of the desired aldehyde 
as an oil. NMR (CDCls, TMS) « 9.80 (s.lH). 7.15-7.35 
(m.5H). 3.10 (ra.lH), 2.70-2.90 (m,2H), 2.57 (m,lH), 2.37 
(ra,lH), 1.43 (S,9H). 
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Example 102 
M- ( ( ?R ) - 1- tert-Buty "' nx year bony 1 - 

To the resulting aldehyde from Example 101 (526.0 mg. 
2.12 mmol) in isopropanol. (40 ml) was added L-hlstidine 
benyl ester di-p-toluenesulfonic acid salt (1.31 g, 
2.22 mmol), anhydrous sodium acetate (0;52 g. 6.3 mmol) and 
sodium cyanoborohydride (0.20 g. 3.18 mmol). After 80 h at 
room temperature the mixture was poured into saturated 
NaHCOj solution and extracted into ethyl acetate which was 
dried over Ha2S04 and evaporated. 
. . Chromatography of the residue on silica gel with 
methanol-chloroform mixtures afforded 254.8 mg (25%) of the 
desired product as an oil. NMR (CDCI3. TMS) « 7.51 
(dJH), 7.10-7.40 (m.lOH). 6.75 (s.lH). 5.12 (s.2H). 2.98 
(dd.lH)» 1.45 (s,9H). 

Example 103 
Benzvl f 2S) -?-( imidazo l -A-ylmeth vl 1 -2- 
((/iR)-phenvlmethv1 -?-°x°Pvrrolidin-l-yl)acetate. 

The resultant compound from Example 102 (247.2 mg, 
0.518 mmol) was stirred for 90 min in trifluoroacetic 
acid. After solvent evaporation the residue was dissolved 
in water and lyopholized to a white powder. l-Hydroxybenz- 
triazole (190 mg. 1.41 mmol). dimethyl formamide (5 ml) and 
N-methylmorpholine (125 yl. l.W mmol) were added, then the 
mixture was cooled to -23-0 and treated with l.(3-dimethyl- 
aminopropyl)-3-ethylcarbod11mide Kydrochloride (140 mg. 
0.73 mmol). After 2 h at -23-C and 16 h at room temperature 
the mixture was poured into saturated NaHCOj solution and 
extracted into ethyl acetate which was washed with water and 
brine, then dried over Na2S04 and evaporated. 
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Chromatography of the residue on silica gel with 
methanol-chloroforin mixtures afforded 194.0 mg (93X) of the 
desired product as an oil. NMR (COCls, "mS) 6 7.52 
(S.IH). 7.00-7.40 (m.lOH), 6.81 (s.lH). 5.25 (m.2H). 5.12 * 
{ra.lH). 3.42 (dd.lH). 3.31 (dd.lH). 3.10 (m.2H). 2.51 
(ni,2H), 2.38 (dd.lH), 2.12 (dd.lH). ' 

Example 104 

f 2SU2-f (l-tert-ButvlQxvcarbonvl ^-imidazol- 
4-vlmethvl ) -2-( f 4R> -phenylmethvl -2-o xopvrrol i di n- 
1-ynacetic Acid . 
The resultant compound from Example 103 (191.0 mg. 
0.473 mmol) and d1-tertrbutyldicarbonate (115.0 mg, 
0.527 ninol) in methylene chloride (1.5 ml) were stirred at 
room temperature for 16 h. After solvent evaporation the 
residue was treated with 10% palladium on carbon (200 rag), 
taken up in methanol (5 ml), and stirred under a hydrogen 
atmosphere for 2 h. The mixture was filtered and the 
solvent was evaporated to afford 177.8 mg (91%) of the 
desired acid as a foam. NMR (CDCI3, TMS) « 8.05 (d,lH), 
1.61 (s,9H). 

Example 105 
f3Rl-3-Benzvloxvcarbonyl- 
3-ph6n¥lmethvlpropionic Acid . 
The resultant coi^jound from Example 98 (11.76 g, 
33.2 ramol> in methylene chloride (25 ml) was treated with 
trifluoroacetic acid (25 ml). After stirring at room tem- 
perature for 90 min the solvent was evaporated to afford 
9.91 g (100%) of the desired product as a solid, ro.p. 48- 
51'C. > 
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Example 106 

Ron^ Y'' (7R)-4-HYdroxy i-?-phgnv1methv1butanoate.. 
The resultant compound from Example 105 (537.2 mg. 
1.801 mmol) was treated according to the procedure of 
Example 100 to afford 341.8 mg (67X) of the desired product 
as an oil. NHR (CDCla. TMS) 6 7.10-7.40 (m,10H). 5.05 
(S.2H), 3.65 (m.2H), 3.02 (dd.lH). 2.92 (m.lH). 2.80 
"(dd.lH). 1.93 (m.lH). 1.82 (»,1H). 

Example 107 

(HR)-3-Benzvlo v Y^«rhonvl-3-P *^'»"Y'''"^^>'^''°'^°P^"^^- 
. .. The resultant compound from Example 106 (338.0 mg, 
119 mmol) was reacted according to the procedure of 
Example 101 to afford 3284 mg (98«) of the desired product 
as an oil. NMR (CDCla. TMS) 6 9.70 (s.lH). 7.10-7.40 
(m,10H). 5.11 (S.2H). 3.15-3.30 (m.lH). 3.07 (dd.lH). 2.40- 
2.90 (m,3H). 

Example 108 

Rpn^ yl (2Sl-2-fTtnida20l-4-vl niPthYll-2-ff3R)- 

phon Yiingthv1-2-oxn pYrrolidin-l-vl)acetate. 
The resultant compound from Example 107 (155.8 mg. 
0.552 mmol) was reductively aminated according to the proce- 
dure of Example 102. The resulting amine spontaneously 
cyclised to afford after chromatography 142.0 mg (64JJ) of 
the desired product as an oil. MMR (CDCla. TMS) 6 7.51 
(d IH). 7.10-7.40 (m.lOH). 6.78 (S.IH). 5.21 (d.lH). 5.18 
(d!lH). 5.13 (dd.lH), 3.20-3.35 (m.3H). 3.10 (m.2H). 2.70 
(m.lH). 2.39 (dd.lH). 1.95 (m.lH). 1.58 (m.lH). 
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Example 109 
(2S)-Z-( g-tert-ButvloxYcarbonvl ^-imidazol- 
4-Ylmethy1 )-2-f r3R^ -phenv1meth Yl-2-oxoDYrro1 i di n- 
l-v1Ucetic Acid . 
The resultant compound from Example 108 (142.0 mg, 
0.352 mnol) was treated ace»rding to the procedure of 
Example 104 to provide 133.1 mg (913J) of the desired product 
as a foam. NMR (COCls, THS) « 8.03 (s.lH). 1.60 (s.9H). 

Example 110 
K- f f 2S ^ -tert-Buty T oxYcarbonvl ami no- 
■3-phenYlpropv11histidine Benzyl Ester . 
Boc-phenylalanal (479.9 mg, 1.997 mnol) was reductively 
arainated according to the procedure of Example 102 to 
provide 643.1 mg {S7%) of the desired product as a foam. 
NHR (CDClj, TMS) S 7.50 (s.lH). 7.10-7.40 (m.lOH). 6.71 
(S.lH), 5.15 (d.lH), 5.11 (d.lH), 4.77 (br.lH). 3.87 
(br.lH). 3.50 (dd.lH), 3.02 (dd,lH), 2.42 (dd.lH). 1.41 
(S.9H). 

Example 111 

Benzvl (2S)-Z'( Imi dazol -4-vlmethyT> -2- ( f 4S )- 
Dhenvlmethvl-lmidazol idin-2-one-l-v1 ) acetate . 
The resultant compound from Example 110 (295.0 mg, 
0.616 nraol) was deprotected with trifluoroacetic acid as 
described In Example 103. The resultant powder was 
dissolved in methylene chloride (4 ml), treated with 
N-methylmorpholine (0.21 ml, 1.91 mnol), cooled to 0°C, and 
then treated with carbonyldi imidazole (121 mg, 0.746 mn»l) 
in methylene chloride (8 ml). After 90 min at 0°C and 18 h 
at room temperature the mixture was poured into saturated 
MaHC03 solution and then extracted into ethyl acetate which 
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was dried and evaporated. Chromatography of the residue on 
silica gel with methanol -chloroform mixtures afforded 
162.9 mg (65X) of the desired product. NMR (CDCI3. IMS) 
« 7.50 (S.IH). 7.05-7.40 (m.lOH). 6.83 (s.lH). 5.25 (d.lH). 
5.18 (d.lH). 3.76 (m.lH). 3.55 (m.lH). 3.30 (dd.lH). 3.22 
(dd.lH). 3.08 (dd.lH). 2.72 (dd.lH). 2.64 (dd.lH). 

Example 112 
(2S)-2-f f l-tprt-Butvloxy arbonvl >-imidazole- 
/i-YlniPthvn-2-ff4 ^)-phenvlniethYl^"itiaz°1^t'1n- 

?-one-l-yl)acetic Acid . 
• The resultant compound from Example 111 (189.5 rag. 
0.469 ramol) was treated according to the procedure of 
Example 104 to provide 176.7 mg C91«) of the desired product 
as a foam. NMR (COCI3. TMS) « 8.00 (s.lH). 1.59 (s.9H). 

Example 113 
BQC-N-IsobiH-yl-L-Phe Me thvl Ester. 
To L-Phe methyl ester hydrochloride (0.54 g. 2.5 mmol) 
in isopropanol (50 ml) was added isobutyraldehyde (0.24 ml. 
2.6 mmol). anhydrous sodium acetate (0.41 g. 5.0 mmol). and 
sodium cyanoborohydride (0.24 g. 3.8 mmol). After 16 h the 
reaction was worked up as described in Example 108 to 
provide a residue which was taken up in chloroform and 
filtered. The filtrate was evaporated to afford 0.58 g 
(9856) of N-isobutylPhe methyl ester as a mobile oil.. This 
product was dissolved in methylene chloride (5 ml), treated 
with di-tert-butyldi carbonate (0.55 g. 2.5 mmol). and 
stirred at room temperature for 26 h. Evaporation of the 
solvent and chromatography of the residue on silica gel with 
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ethyl acetate-hexane mixtures afforded 0.58 g {71%) of the 
desired product as an oil. NHR (C0C13. TMS) 6 7.10-7.30 
(m.5H). 3.73 (s.3H), 1.46 (s,9H). 0.65-0.85 (m,6H). 

Example 114 
Boc-N-Isobutvl Phenyl alanol . 
To the resultant compound from Example 113 (0.58 g, 
1.73 mmol) in ethanol (4 ml) at O'C was added ground CaCl2 
(0.38 g, 3.4 mmol), tetrahydrofuran (4 ml), and then sodium 
borohydride (0.26 g, 6.9 mmol). After 24 h at 0*C the 
reaction was poured slowly into a mixture of citric acid 
(4 g) and ice (20 g) and extracted into ethyl acetate which 
was dried over Na2S04 and evaporated. Chromatography of the 
residue on silica gel with ethyl acetate-hexane mixtures 
afforded 0.43 g (8135) of the desired product as an oil. 
NMR (CDCI3, TMS) 6 7.15-7.30 (ra,5H), 3.82 (m,2H), 1.47 
(S.9H). 0.82 (d,3H), 0.75 (d,3H). 

Example 115 

N- ( ( 2S Utert-Butvl oxycarbonvl ( i so butv 1 ) ami no-3- 
phenvl propyl) hi sti dine Benzyl Ester . 
The resultant compound from Example 114 (435.6 mg, 
1.417 mmol) was reacted according to the procedure of 
Example 101 and the resulting aldehyde was reductively 
aminaled according to the procedure of Example 102 to 
provide 405.3 mg {53X) of the desired product as a foam. 
1h NMR (CDCI3. TMS) 8 7.49 (s.lH). 7.10-7.40 (maOH) . 6.74 
(S.IH). 5.11 (S.2H). 1.43 (S.9H). 0.78 (d,3H). 0.72 (d.3H). 
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Examole 116 
Benzvl (2SU?-(T"Hda2o1-a -v1niethv1>-2- 
f3-l50butv1-(4SUphenv1' ngthv1im1da2o11din- 
9-nnp-l-Yl)acetate . 
The resultant compound from Example 115 (402.0 rag, 
0.752 innol) was reacted according to the procedure of 
Example 111 to provide 109.2 mg (22%) of the desired product 
as a foam. NMR (COCla. TMS) a 7.47 (d.lH). 7.00-7.40 
(m.lOH). 5.25 (d.lH). 5.16 (d.lH). 4.93 (dd.lH). 3.68 
(m.lH). 2.95-3.30 (m.6H). 2.85 (dd.lH). 2.44 (dd.lH). 1.83 
(m.lH). 0.88 {d,3H). 0.75 (d.3H). 

Example 117 

( 2S) -2- f f 1 -tert-Butvlox Yg^^'bP"^^ ) - imi d azol e- 
/i-vimPthYl)-2-f3-is obutv1-MS)- 
phPn Ylniethv1iroida2n1idin-2-one- l-Yl^ acetic Acid. 
The resultant compound from Example 116 (109.0 mg, 
0 237 mraol) was treated according to the procedure of 
Example 104 to afford 101.2 mg {91%) of the desired product 
as a foam. NHR (CDCla. TMS) 6 8.04 (d.lH). 1.60 (s,9H). 
0.92 (d,3H), 0.84 (d.3H). 

Example 118 

(9S )-g-(Imida2ol-4-vlmethvll -?-(:^-isobutvl-f4S)- 
phPn Ylmethvl imida7ol idin-2-one- l -v1 ^ acetic Aci d 
Amide of f2$)-Amino-l-cy 1nhPXYl-3fR'>.4(S)- . 
d i hydroxy-fi-methvl heptane . 
To the resultant compound from Example 117 (49.8 mg, 
0.106 mmol) in methylene chloride (3 ml) at -lO'C was added 
N-methylraorpholine (0.014 ml. 0.127 mmol) followed by 
isobutyl chloroformate (0.014 ml. 0.107 mmol). After 3 min 
the resultant 3{R).4(S) amine from Example 2 (26.0 mg. 
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0.107 mmol) was added, the mixture was stirred at -ICC for 
15 min and then at room temperature for 2 h. The solvent 
was evaporated and the residue was dissolved in acetic acid 
(3 ml), tetrahydrofuran (1 ml) and water (1 ml), and heated 
at 45-50"C for 12 h. After solvent evaporation the residue 
was partitioned between saturated MaHC03 solution and ethyl 
acetate, and then extracted Into ethyl acetate which was 
dried over Na2S04 and evaporated. Chromatography of the 
residue on silica gel with methanol -chloroform mixtures 
afforded 3E.6 mg (52%) of the desired product as a solid, 
m.p. 105-110»C. ' . 

- - - Anal. Calcd. for C34H53N 504- 0.25 HzO: C, 68.03; 
H, 8.98; M. 11.66. 

Found: C. 68.01; H, 8.92; N, 11.41. 

Example 119 

f 2S^ -2-f Imi da20l -4-vlmethyl ) -2-( 3- i sob utvl - ( 4S) - 
Dhenvlmethyl imi dazol idi n-2-one-l- vl Uceti c Aci d 
Amide of f2'S.l'R.5SW3-EthY l-5-fl'-hvdroxy- 
2 '-amino-3' -cvclohexYlpropyDoxazol idin-2-one . 
Using the procedure of Example 118 but replacing the 
resultant amine of Exan^jle 2 with the coit5)ound from Example 
9 %#hich had been deprotected according to the procedure of 
Example 2 provided the desired product as a solid. 
Exact Mass Calcd. for C34H51N6O5 CM*H): 623.3921. 

Found: 623.3919. 

NMR (CDC13. TMS) 6 7.66 (s.lH), 7.10-7.40 (m.5H), 
6.96 (d.lH). 6.85 (s.lH). 4.55 (m.lH). 2.91 (dd.lH), 
0.91 (m,6H), 0.84 (t,3H). 
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gxamole 120 
( gS)-2- f Iwl da7 '>i-<^vTnethv1 >-2- ( ( 4S)- 

fH hydroxv-S -mpthyl heptane . 

Using the procedure of Exaniple 118 with the resultant 
acid from Example 112 afforded the desired product as a 
solid, m.p. 117-119'C. 

Anal. Calcd. for C3oH45M504*0.40 HgO: C. 65.88; 

H, 8.44; N. 12.80. 

Found: C. 66.22; H, 8.50; N. 12.37. 

Example 121 
(gSU2-aw^'<a7Ql-4-v1in ''thYl)-2-a3R)- 

pu,,Y^.„^Ky.-?-«.QTivrroli<Hn-1-yl)acetic Acid 

flmHHo nf ^2Sl-Aminn -i-rYc1ohexv1-3fR),4(S)-. 

rii hydroxv-e-mp thYl heptane . 

using the procedure of Example 118 with the resultant 

acid from Example 109 afforded the desired product as a 

solid, m.p. 92-95'C. 

Anal. Calcd. for C31H46N4O4: C. 69.12; H. 8.61; 

H, 10.40. 

Found: C. 68.90; H, 8.55; N. 10.14. 
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Example 122 
f2$)-2-fImidazo1-4-y1inethvn-2-(«R)- 
pheny1methy1-2-oxopyrro11(Hn-l-y1 ^acetic Acid 
Amide of f2S)-Ainino-l-CYClohexv1-3m^.4(S)- 
d 1 hydroxv-6-Biethy1 heptane . 
Using the procedure of Example 118 with the resultant 
acid from Example 104 afforded the desired product as a 
solid, m.p. SS-Se'C. 

Anal. Calcd. for C3iH45N404-0.5 H2O: C, 67.98; H, 8.65; 
N. 10.23. 

Found: C, 68.19; H, 8.54; N, 10.18. 
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Example 124 

3-f3fR>-l3-(tert-ButYloxvcarbonvlW2.2- dimethy1- 

4fS>-cvc1ohexv1inethv1-5-fR>-oxa2oHdinv11- 
3- [ g-imi dazolyl ^ thionvloxy 1 -2f RU1 sop ropvl -1- 
QxoproPYl1-4fRWmethv1-5fS)-pheny1-2-oxa2o11dinone , 

The resultant compound from Example 123 (1.840 g, 
3.136 innol) and l.l'-thiocarbonyldllmidazolide (1.128 g, 
6.330 niraol) were refluxed in 8 ml dry 1,2-dlchloroethane 
under a nitrogen atmosphere for 24 h. The mixture was 
concentrated and the residue was purified by flash chroma- 
tography on silica gel (2.5X methanol In dichlorornethane), 
affording 1.896 g (8735) of the desired compound. NMR 
(CDCla) « 0.93 (d.3H), 1.04 (d,3H). 1.08 (d,3H). 0.9-1.1 
(bm). 1.1-1.4 (bm), 1.5 (bs,9H). 1.6-1.9 (several bm). 2.05 
(ra.lH). 4.13 (bm,lH). 4.23 (dd.lH). 4.81 (dd.lH), 4.94 
(dq.lH). 5.70 (d,lH). 6.33 (dd.lH). 7.06 (bs.lH). 7.3-7.5 
(m,5H). 7.61 (bs.lH). 8.40 (bs.lH). Mass spectrum: 
(M+H)+ = 697.3629. Calcd. for C37H53N4O7S: 697.3635. 

Example 125 

3-f 3- 1 3- f tert-Butvl oxYcarbonvl 1 -2 .2- d imet hy 1 - 
4 f S 1-cvcl ohexvl methyl -5 f S > -ox azol i d i ny 1 1 - 
2fRVisoproDv1-l-oxopropyl]-4(R Umethvl- 
5(S)-phenyl-2-oxazol idinone . 
The resultant product from Example 124 (129 mg, 
0.185 ramol) was dissolved in 10 ml dry toluene and added 
slowly dropwise over 30 min to a refluxing solution of trl- 
n-butyltin hydride (93 ul, 100 mg, 0.346 ramol) In 15 ml dry 
toluene under a nitrogen atmosphere. Reflux was continued 
for an additional 10 h. The resulting solution was cooled, 
concentrated in vacuo , and the residue was triturated with 
four 10 ml portions of acetonitrile, with gentle warming. 
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The combined acetonitrile extracts were washed with three 
20 ml portions of hexane. then the combined hexane phases 
were back-extracted with 20 ml of acetonitrile. A11 
acetonitrile phases were .combined and concentrated in 
vacuo . The crude product was purified by silica gel chroma- 
tography (hexane-ethyl acetate 9:1) to give 73 mg (69%) of 
the desired product. HMR (CDCI3) 5 0.90 (d,3H), 0.92 
(d,3H), 0.9-1.1 (bm.3H), 1.06 (d.3H), 1.15-1.35 (bm.3H), 
1.51 (bs.9H). 1.57-2.14 (several bm), 3.84 (ra.lH). 3.97 
(m.lH), 4.85 (dq.lH), 5.68 (d.lH), 7.3-7.46 (m.5H). Mass 
spectrum: (M+H)* = 571. 

Example 126 

2fS^-f f3-(tert-Butvloxvcarbonv^W2.2-d1methyl- 
4fSl-cvclohexvlmethvl-5fSVoxa2olidiny ^ Imethvl 1- 
3-methylbutanoic acid . 
The resultant product frran Example 125 (842 mg, 
1.476 ninol) was dissolved in 15 ml tetrahydrofuran and 5 ml 
water, and treated with a solution of lithium hydroxide 
manohydrate (125 mg. 2.98 mmol) in 30% aqueous hydrogen 
peroxide (1.1 ml, 366 mg hydrogen peroxide, 10.77 ranol). 
The resulting mixture was stirred 21 h at ambient tempera- 
ture. The mixture was cooled to 0" and treated with 8.6 ml 
of 1.5 M aqueous sodium sulfite. After 3 h, the mixture was 
concentrated in vacuo , then the aqueous residue was diluted 
with 35 ml dichloromethane, cooled to 0", and acidified to 
pH 2 with 1 M aqueous sodium bisulfate. The crude product 
was isolated by extraction with four 50 ml portions of 
dichloromelJtane, which were combined, washed with 50 ml 
brine and dried over magnesium sulfate. Concentration and 
silica gel chromatography of the residue gave 471 mg (77JC) 
of the desired product. NMR (COCI3) fi 0.96 (d,3H), 1.00 
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(d.3H), 1.1-1.3 (bm.5H). 1.48 (s.9H). 1.5-1.9 (several 
bm.lSH), 2.0 (m.lH). 2.66 (ni.lH). 3.7 (bm.lH), 3.90 
(ra.lH). Mass spectrum: (M+H)+ = 412. 

Example 127 
Butyl 2(S)-\ [3-(tert-bu tYloxvcarbony1)- 
2 . 2-di methyl -4 f S \-cyc1 o hexvlniethy 1 - 
5(S)-oxa2o11dinyl jniethvl US-m ethvlbutanamlde. 
The resultant product from Example 126 (446 mg, 
1.085 mnol) was treated with l-hydroxybenztriazole mono- 
hydrate (216 mg. 1.41 mmol). 4-methylmorpholine (285 mg. 
2.82 mmol) and l-(dimethylam1no propyl )-3-ethylcarbodiim1de 
hydrochloride (301 rag, 1.10 mmol) in 10 ml anhydrous 
di methyl fonnaraide at -20% under a nitrogen atmosphere. The 
reaction solution was stirred at -20* for 10 min, then 
allowed to react at 0" for 3 days. To this solution was 
added n-butylamine (163 mg, 2.22 mmol). and the resulting 
solution was stirred at 0« for 2 h. then at ambient tempera- 
ture for an additional 22 h. The solution was concentrated, 
and the residue partitioned between 30 ml sat. aqueous 
sodium bicarbonate and 50 ml ethyl acetate. The aqueous 
layer was further extracted with three 30 ml portions of 
ethyl acetate, and the combined organic phases were washed 
with 50 ml brine, dried over sodium sulfate and concentrated 
in vacuo . Purification by silica gel chromatography (etHyl 
acetate-hexane 1:4) afforded 483 mg (95«) of the desired 
product. NMR (CDClg) « 0.91 (t,3H). 0.93 (d.3H), 0.95 
(d.3H). 1.1-1.3 (m.4H). 1.3-1.9 (several m. approxlnately 
21H), 1.49 (S.9H), 2.0 (m.lH), 3.28 (qd.2H). 3.63 (ba.lH). 
3.75 (ddd.lH). 5.63 (bt.lH); NMR (CDCI3) 6 13.71, 20.12. 
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20.30. 21,06, 26.09, 26.28, 26.60, 27.99, 28.62 (3C), 30.68, 
31.94. 32.81, 34.54, 35.01, 36.21, 39.12, 51.02, 61-21, 
79.05, 79.76, 93.80, 152.02, 174.53. 

Example 128 
Butyl 5(S)-aroino-6-cvc1ohexv1-4(S)-hydroxy- 
2fR)-isopropv1 hexan-aml de . 
A solution of the resultant compound from Example 127 
(520 mg, 1.11 nanol) In 8 ml dry methanol was treated at 0"C 
with acetyl chloride (0.68 ml, 0.75 g, 9.6 mmol). The 
resultant solution was allowed to warm slowly to room 
temperature, and was further stirred for 48 h. The reaction 
was carefully basified with an excess of solid NaHCOs, then 
the mixture was diluted with 15 ml CH2C12 and filtered 
through a plug of celite, using a total of 100 ml CH2CI2 to 
wash the solids. The filtrate was rotoevaporated to a 
cloudy residue, which was then redissolved in 50 ml CH2CI2 
and refiltered through celite as above. Evaporation pro- 
duced a yellow oil, which was triturated with hot hexanes to 
afford 272 mg (7555) of the desired compound as white 
needles; m.p. 89-90'C; Iain - -24.6*C (CHCI3. C-1.055); 
NMR {COCI3) 6 0.94 (m,10H), 1.05-1.80 (several bm,18H), 1.86 
(m.lH), 2.08 (ddd.lH). 2.57 (ddd.lH), 3.07 (ddd,lH), 3.22 
(m.lH), 3.30 (m,lH), 5.79 (bt.lH); Mass spectrum: (WfH)* = 
327. 

Anal. Calcd. for C19H38N2O2: C, 69.9; H, 11.7; N, 8.6. 
Found: C, 69.5; H, 11.5; N, 8.5. 
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Example 129 

^-f3-Thia2o1yi}-?-nR-ben2vi -^-''-'"°riihoHn-l-Yl-carbony1- 
?-irPtQ-DiDera7-in-i-vn-DroDl P "-"' ^^ri Amide of Butyl 5(S)- 
ami no-S-cvclohe -r"' f ^) -hyriroxv-Z f R)- 
1 sopropyl hexan- amide . 
The morpholine group was attached to the piperazine ring 
by phosgene method and the title" compound was then synthe- 
sized by attaching the amine from Example 128 to the appro- 
priate acid by EOAC coupling method. DCI-NH3-MS. ro/e. 767 
(MH*. lOOX). 749 (40«). 694 (25«). and 441 (32<). 
Anal. (CfliHgaOsMeS-'s "2°) C.H.M. 

1h NMR (300 MHZ. CDCla) «: 8.71 (d.J=lHz.H). 7.30-7.08 
(m,7H). -6.50 (d.J=9H2.H). 5.89 (t.J=6Hz.H). 5.47 (t,J-8HzH . 
4.69 (dd,J=5.9Hz,H). 4.08 (d.J-4Hz.H). 3.88 (m.H), 3.60-3.10 
(m,=17H). 3.03 (m.2H). 2.78 (m.2H). 2.02 (m.H), 1.95-1.05 
(m.lSH) and 0.95-0.80 (m.9H). 

Example 130 
^ (/i-Thla7Qlvn-2- (^»-hgn7v1-4-N-p-to1uene- 

-^,^.„yi_^_..otn- plpPraz1n-l- T-'V rT--""-''' ^^^'^ ^"'^'^^ °^ 

i cnprn p yl hfixan- ami d 6 . 
The sulfonamide linkage was formed by adding p-toluene 
sulfonyl chloride to the corresponding piperazine system in 
pyridine. The resulting acid was then coupled to the amine 
from Example 128 by EDAC coupling method. DCI-NH3-MS. m/e. 
808 (M*. 23«). 790 (33X). and 482 (100«). 

Anal. (C43H51O6N5S2). C.H.N. 
1h NMR (300MHz,CDCl3)«: 8.69 (d.J-lHz.H). 7.37 
(d J=8Hz.2H). 7.20 (m.3H). 7.14 (d.J-8Hz.2H) . 7.05(m.2H). 
6.95 (d.O-lHz.H). 6.41 (d.J-9Hz.H). 5.99 (t.J.6Hz.H). 5.31 
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(t.J=6H2,H). 4.45 (dd,J=5.7H2.H). 4.16 (m.H), 3.83 (m.H), 
3.69 C6d.a=15H.H), 3.60-2.90 (in,=10H), 2.40 (s.3H). 2.02 
(m.H). 1.90-1.00 (IB,=20H) and 1.00-0.80 (ra,9H). 

Example 131 
3-f3-Th1azoTv1^-2-f3R-be n7Yl-4-N-D-to1uene- 
<u1fonv1-2-keto-Diperazin-l-y1Vpropionic acid Amide of 
2(SUara1no-l-cyc1ohexv1-3fR).4 fS^-dihvdroxy1- 
6-methv1 heptane . 
The piperazine ring system was synthesized following the 
procedure described 1n Example 130 and the acid was then 
.coupled to the amine from Example 3 by EDAC coupling 
method. DCI-NH3-MS, m/e. 725 (MH*. lOOX). 707 (lOX). and 
482 (21X). 

Anal. (C38H52O6N4S2). C,H,H. 
1h NMR (300MHz.CDCl3)«: 8.73(d.J=lHz.H). 7.35 (d.J=7H2.2H). 
7.20 (m,2H), 7.13 (d,J=7H2.2H) . 7.02 (m,3H). 6.50 
(d,0»9Hz.H), 5.20 (6t,J=6Hz,H). 4.45 (m.H). 4.30 (m.H), 4.08 
(6S,H). 3.70 (d,J=13H2.H),.3.55 (m.H), 3.47 (t,J=7Hz.H). 
3.25-3.10 (m.4H). 3.00 (m.2H). 2.40 (A.3H), 2.28 (6A.H). 
1.85 (m,H). 1.80-1.00 (m.l7H). 0.95 (d.J=7Hz.3H) . and 0.85 
(d.J=7Hz,3H). 

Example 132 

2fS)-f3R-Ben2vl-4W-tert-butvlox Ygarbonyl-2-keto- 
homopiperazin-l-vD-hexanoic acid Amide of 2fS)-Amino-l- 
cvelQhexvl -3 f Rl .4f Sl-dihvdroxv-6-meth vlheptane . 

Synthesized according to Scheme 4. For this synthesis 
allyl bromide was replaced with homoallyl bromide. 
MH+(DCI-NH3) at 644; Anal. (C37H51O5N3), C.H.H. 



Example 133 
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4fS)-t-Butv1oxvcarbonY ''a"ii"o-5-cYc''ohexy1- 
^ (R , <;)-hYrirQXY-l-Dentene . 

To a stirred -78'C solution of Boc-cyclohexyl alanine 
methyl ester (10.2 g. 35.8 inmol) In dry toluene (60 ml) was 
added diisobutylaluminutn hydride (34 ml of a 1.5 M solution 
in toluene). After 30 min. vinyl magnesium bromide (108 ml 
of 1 M solution in tetrat<ydrofuran (7HF)) was added. After 
stirring for 15 h at O'C. the mixture was carefully quenched 
with methanol, treated with Rochelle salts (22 ml of satur- 
ated aqueous solution in 140 ml H2O), and filtered. After 
extracting the solids 5 times with ethyl acetate, the 
extracts and filtrate were combined and the organic phase 
was washed with brine, dried, filtered and evaporated to an 
oil (10.2 g). Chromatography on silica gel eluting with 
hexane/ethyl acetate mixtures provided 6.1 g (60«) of the 
desired product. 

Anal. Calcd. for CigHzgNOs'^ «20* 66.8; H. 10.3; 
N, 4.9. 

Found: C, 66.9; H, 10.2; N. 4.7. 

Example 134 

3-/t-ButvloxYcarbonvll-4 -(cvclohexvlmethvl)- 
? , y-riimPthYl -5-vinY l oxazol i d i ne. 
The procedure of S. Thaisrivong (J. Med. Chem. 1987. 30. 
976) was employed. A solution of 40 g of the resultant 
compound of Example 133 and 102 g of 2-methoxypropene in 
250 ml of dichloromethane was stirred at room temperature. 
Solid pyridinium p-toluenesulfonate (PPTS) (177 g) was added 
slowly to the reaction mixture. After addition was com- 
plete, the reaction was stirred for 1 h and neutralized by 
addition of solid sodium bicarbonate. The solids were 
filtered and the filtrate was concentrated. Flash chroma- 
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tography on silica gel gave 57 g of the desired compound. 
IR (CDCls) 1690 (C=0 carbamate) cm-^; NMR (CDCls) 6 5.95 
(ra.lH). 5.32 (m.lH), 5.20 (dt.lH), 4.27 (dd.lH). 1.47 
(S.9H). 

Anal. Calcd. for C]^gH33N03: C, 70.55; 10.28; 
H, 4.33. 

Found: C. 70.47; H,- 10*27; N. 4*09. 

Example 135 

3- ( t-Buty 1 oxycarbony 1 ) -4- ( cycl ohexyl methyl ) -2 , 2- 
d imet hy loxazol i di ne-5-car boxa 1 d ehyd e , 
A solution of 10 g of the resultant compound of Example 
134 in 150 ml of 2:1 dichloromethane:methanol was cooled in 
an dry-ice acetone bath. Ozone was bubbled through the 
solution until a blue color persisted (1 h). Dry nitrogen 
was then bubbled through the reaction mixture to remove 
excess dissolved ozone. The reaction mixture was cannulated 
into a suspension of 8 g zinc dust, 8 ml glacial acetic 
acid, 200 ml water, and 200 ml of methanol cooled to 
-45" C. After 5 min the bath was renoved and the mixture 
allowed to warm to room temperature overnight. 100 ml of 
saturated sodium chloride was added and the entire reaction 
mixture extracted with two 300 ml portions of dichloro- 
methane. The combined dichloromethane extracts were 
decanted, dried (MgS04), filtered, and evaporated. The 
crude aldehyde was purified by flash chromatography (1:4) 
ethyl acetate: hexane to give 9.7 g of the desired compound 
as a mixture of diastereoraers (3:1 transrcis) as judged by 
the integrated resonances of the two aldehyde protons. IR 
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(CDCls) 1735 (C=0 aldehyde). 1690 (C=0 carbamate) cm" ; H 
NMR (CDC13) « 9.83 (s.lH.CHO). 9.73 (d.lH.CHO cis 
diastereomer), 4.14 (m.lH). 1.46 (s,9H). 

Anal. Calcd. for C18H31NO4: C, 66.43; H. 9.60; N. 4.30. 

Found: C, 65.27; H, 9.79; N. 4.20. 

Equilibration of AldP hyde Isomers. 
A suspension of 25 g of the above aldehyde in 300 ml of 
methanol and powdered potassium carbonate (10.7 g) was 
stirred at room temperature for 6 h. The reaction mixture 
was cooled 1n an ice-water bath and treated with 9.3 g of 
glacial acetic acid for 5 min. A solution of 0.5 M sodium 
dihydrogen phosphate (300 ml) was added to the mixture. 
After 30 min. the solution was concentrated to one-half the 
volume under reduced pressure and extracted with ether (600 
ml). The combined ether extracts were dried (MgS04). 
filtered, and concentrated. The aldehyde was purified by 
flash chromatography using (1:4) ethyl acetate thexane to 
give 19.5 g of the desired compound as an 8:1 mixture of 
trans: cis diastereomers. 

Example 136 
( SS T 4 ' S ■ 5 ' R) -g- ^ 3- f t-Butv 1 oxvcarbonvl ) - 
A- (r yri nhpxvlmethvl ) -? ^ g-dimethvl Qxazol i d i n-5-y 1 ) - 

^-mpth ylgnedi hvdrof u ran-2 f 4H^-one . 
A solution of 16.52 g (51 nmol) of the resultant con- 
pound of Example 135 in 15 ml of anhydrous tetrahydrofuran 
was treated with 3.98 g (61 mmol) of freshly activated zinc 
dust. With vigorous stirring, the mixture was treated with 
10 g (56 ramol) of methyl 2-(bromomethyl)acrylate at a rate 
which maintained the temperature at 50-60-C. Upon comple- 
tion of the addition, the mixture was stirred at SO'C for 
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1 h. After being allowed to cool, the mixture was poured 
into 100 ml of cold 1 H HCl and extracted with dichloro- 
methane (3 X 100 ml). The combined organic layers were 
washed successively with saturated aqueous HaHC03 and H2O, 
dried over Ha2S04, and concentrated. Silica gel chromatog- 
raphy using 9:1 hexanerethyl acetate provided 10.83 g (613S) 
of the desired compound. NHR (CDCI3) « 0.8-2.0 (br 
envelope), 1.49 (s.9H). 1.54 (s.SH), 1.57 (s,3H), 2.93 
(ddt,J=18.6.3H2,lH), 3.05 (m,lH), 3.70 (m,lH), 4.07 (m.lH), 
4,47 (ddd,J=13.9,6Hz.lH), 5.70 (br t,J=3Hz,lH), 6.28 
(t,J=3H2,lH). Mass spectrum: (rwi)* = 394. 
-.- Anal. Calcd. for C22H35NO5: C, 67.15; H, 8.96; N. 3.56. 
• Found: C, 67.66; H. 9.11; M, 3.60. 

Example 137 
f 3S .5S.4' S. 5 ' K)'S'( 3- f t-B utyloxvcarbonyl ) - 
4-f cvcl ohexyl methyl ) -2 . 2-dimethy1 ox azol id 1n-5- vl ) - 

3-methvl di hydrof uran-2 (3H) -one . 
A mixture of 8.03 g (20 tniol) of the resultant compound 
of Example 136 and 0.81 g of 10% palladium on carbon in 200 
ml of ethyl acetate was shaken under 4 atmospheres of H2. 
After filtration, concentration of the filtrate gave 7.58 g 
(943t) of the desired compound. NHR {CDCI3) « 0.8-2.0 
(br envelope). 1.31 (s.3H), 1.48 (s,9H). 1.54 (s,3H). 1.58 
(S.3H), 2.57 (m,lH), 2.68 (m.lH). 3.74 (m.lH), 4.04 (m.lH), 
4.31 (ddd,J»13.9,6H2,lH). Mass spectrum: (H+H)"^ = 396. 
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Exarople 138 

3-f t-ButvloxYcarbonv1 >-4- (cyclohexylm ethvl ) -5- 
r 1 . 4-d i hvdroxy-3-inethv1 butvl ) -2 . 2-d imethvl oxazo 1 i di ne ♦ 
A mixture of 0.50 g (1.26 nmol) of the resultant com- 
pound of Example 137 and 0.15 g (4 nmol) of sodium boro- 
hydride in 50 ml of tetrahydrofuran was heated at reflux 
under N2 atmosphere for 48 h. After being allowed to cool, 
the mixture was treated cautiously with aqueous NH4CI, 
extracted with ether, washed with saturated brine, dried 
over HgS04, and concentrated in vacuo . Silica gel chroma- 
tography using 2:1 chloroform/ethyl acetate gave 0.37 g 
. (73<) of the desired compound. NMR (CDCI3) « 0.7-2.0 
(br envelope). 0.94 (d.J=7Hz.3H) . 1.49 (s,9H). 1.52 (s.3H), 
1.55 (S.3H). 3.43 (dd,J=L1.8Hz,lH) . 3.55-3.7 (m,3H). 4.09 
(br d,lH). Mass spectrum: (M+H)"*" = 400. 

Example 139 

3-rt-Butv1oxvcarbonv1)-4-(cvclohexYl methvl)- 
2.2-d1methyl-S-f4-methYlt etrahvdrofuran- 
2-Yl^oxa2o1idine . 
A solution of 51 mg (0.13 innol) of the resultant 
compound of Example 138 and 0.037 ml (0.27 mmol) of 
triethylamine in 2 ml of dichloromethane was cooled to O'C 
under N2 atmosphere and treated with 0.012 mol (0.15 mmol) 
of methanesulfonyl chloride. After 1 h, the solution was 
diluted with dichloromethane. washed successively with 10% 
citric acid, water and saturated aqueous NaHCOs. dried over 
Na2S04, and concentrated in vacuo . The crude mesylate thus 
produced (59 rog) was taken up in 8 ml of dry detrahydro 
furan. treated with 20 mg (0.50 mnol) of sodium hydride (60X 
dispersion in oil), and heated at reflux for 2 h. After 
being allowed to cool, the solution was treated cautiously 
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wlth saturated aqueous NH4C1. extracted vrith ether, dried 
over MgS04 and concentrated. Silica gel chromatography 
using 9:1 hexane/ethyl acetate gave 30 ng (75X) of the 
desired compound. HMR (COCls) 6 0.7-2.4 (br envelope). 
1.05 (d,J=7H2.3H).1.48 (s,9H),1.52 (s.SH). 1.56 (s,3H),3.30 
(t.0-9Hz,lH) , 3.66 (m,lH), 3.9-4.0 (in.3H). Mass spectrum: 
(M+H)"*" = 382. 

The amine hydrochloride was obtained by treating the 
resultant compound with HCl-dioxane at O'C for 3 h. 

Example 140 
3- f S-Thi azoly 1 1-2-f SR-benTyl -4-N-p-tol uene- 
sulfonYl-2-keto-DiDera2ln-l-v1Wpropionic acid 
Amide of 2fS)-f2fS^-Aro1no- 3-cYClohexvUl(R)- 
hydroxy)propv1-4fS)-inethvnetrahvdrofuran . 
The piperazine ring system was synthesized following the 
procedure described in Example 130 and the acid was then 
coupled to the amine from Example 139 by EDAC coupling 
method. DCI-NH3-MS, m/c. 723 (MH+. 10035). 705 (423S) and 
482 (31«); NMR (CDCl3,300 HHz) «:7.40 (d,2H,J"9H2), 7.30- 
7.05 (m.8H), 6.95 (d,lH,J=lHz). 6.43 (d.lH.J=9Hz). 
5.36{t.lH.J=7Hz). 4.50(dd.lH,J-5.6Hz), 4.02 (m.lH), 3.88 
Ct.2H,J»7Hz), 3.78-2.90 (m.=8H). 2.40 (s.SH). 2.25 (m.H), 
1.90 (m.H). 1.80 (d,H,J»12Hz). 1.70-0.80 (m,16H) and 1.03 
(d,3H,J»6H). 
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nnr-l 'T C?) — ^ — (R>-TiYf1royY-? fR)- 
i nmrrnTTY'' h«^vaT>-amide • 

This coxnpound was synthesized following the same ^ 
procedure as described in Scheme 4. A minor change was 
made (see Scheme 10) at the allylamine stage The 
intermediate £fi was sulfonated with N-methylpiperazyl 
sulfonyl chloride <J. Med. Chem. 1£, 538, 1972) to give £1 
in moderate yield (40-65%) . The acid obtained following 
the hydrolysis of 70 with LiOH was coupled under standard 
EDAC condition to give the final product 71. DCI-NH3-MS, 
m/e. 816 (MH+, 60%), 798 (10%), 750 (3%) and 327 (100%); 
iH NMR (300 MHz, CDCI3) 5:8.75 (d,J=2Hz,H), 7.35-7.20 
(m,5H), 7.12 (d,J-2Hz,H), 6.58 (d,J=9Hz,H), 6.01 
(t,J-5Hz,H), 5.18 (6m,H), 4.26 (dd, J=9 . 4H2) , 4.06 (m,H), 
3.90-3.00 (m), 3.00-2.70 (m) , 2.20 (s,3H), 2.20- 
1.05 (m) and 0.90 (m, 9H) ; Anal. (C44H65N7O6S2) C,H,N. 



l, yHr-r.vv- ? ■ r.rs~^ ' -^y"'' ">'«'«vi"rnr)vi > oxazol i fi1 n-?-nne . 
This analog was synthesized following the procedure 
as described in Scheme 12 and the experimental conditions 
were similar to that of in fi^cample 141. DCI-NH3-MS, m/e. 
843 (MH+, 100%), 743 (99%) and 460 (26%). 



4fi 
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f7-im^da9:n1 yl \ -9- f^R-hPn ^yl -4-W-m-tnethvlpiperazvH - 
«;n1fonv1-?-VPl-n-pip«>i-a^in-1-yn-propinn1r acid Amidft of 
f9.Q^i.T» ^g^-w.1^hv^-5- 

n '-hydrovy-? '-ainip r>--^'-rvr1nhPxvlproPvl^ 

The analog from Exainple 142 was deprotected with HCl- 
dioxane and the dihydrochloride was crystallized from 
EtOAc-EtOH; DCI-NH3-MS, m/e. 743 (MH+, 100%), 725 (65%), 
699 (25%); Anal. (C36H54N8O7S • 2 HCl H2O) 
C,H,N. 

F.yampl^ 144 

^- t Hnl-y 1 ovyra r-hnnvl -2-^ mi dazol vl ) -2- ( 3R-ben2Vl-4N- 

/w-mAi-hvl ni p^r-a^^i \ 1 f nnvl -.g-keto-pjpera n-1 -vl ) - 
pT-npionir arid Atnide 
r^-F ? rq\ -Am^ Tio-t -ffvf^l nh>»yv1 -3 f . 4 f S> - 
H4 hyd-rmry-6-mgi-hyl hPipt-ane . 

This compound was made following the same procedure 
as described in Scheme 12. The acid derived from the 
hydrogenation of 72 was coupled to amine from Example 2. 
DCI-NH3-MS, m/e. 816 (MH+, 82%), 716 (83%) and 505 

(100%); Anal. (C41H65N7O8 S-H20) C,H,N. 
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The compound in Exan?)le 144 was deprotected with HCl- 
dioxane and the product was finally crystallized from 
EtOAc-Hexane-EtOH: FAB-MS, m/e. 716 (MH+, 100%), 307 
(58%) and 289 (40%) ; NMR (300 MHz, free base CDCI3) 
5:7.60 (s,H), 7.40-7.20 (m,5H), 6.93 (d,J=9H2,H), 6.88 
(s,H), 5.28 (m,H), 4.40 (in,2H), 3.82 (m,H), 3.70-2.70 (m) , 
2.20 (s,3H), 2.30-1.10 (m) , 0.95 (d,J=7Hz, 3H) and 0.82 
(d, J=7Hz, 3H) . 

Tlyanrplfi 146 

^- /i»Ki-i-^^i-. b »^yi^w..«t.hnnvT -?-iTnida7o1 vl > -?- f 3R-^^n7 , y^ -4N- 

(yf-iy.oi-hYlp<ttf»ra7vT ) -.Sill fOTlv X - 
7-vo^^o-r>^r.^ ^a^»^n-1-v^)-pr^r.^ion^^ Rcid Amide 

This compound was made following a procedure 
described in Example 144. The acid derived from the 
hydrogenation of 72 was coupled to the amine from Example 
139 to get the final product. FAB-MS, m/e. 814 
(MH+,82%), and 714 (100%); Anal. (C41H63N7O8 "0.5 H2O) 

C,H,N. 
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Examplft 147 
mi1fnnyl-?-Kftt.o- 

pip*»ray-in-1-Yl^-pmp^nnSr acid Amide of ?(S>-2(S)- 
Ami no-?-rvr 1 nhevyl -1 m> -hydroxy^ 
pr-npyi -4 f -mpf hvl tet:rahvdrofuran . 
The compound in Example 146 was deprotected with HCl- 
dioxane and then crystallized from EtOAc-hexane-EtOH DCI- 
NH3-MS, m/e. 714 (MH+,. 20%) , 696 (17%), 643 (100%) and 
625 (95%); NMR (300 MHz, free base, CDCI3) 8:7.60 
(6s, H), 7.35-7.20 (m,5H), 6.90 (6s, H), 6.65 (d,J=9Hz,H), 
5.20 (m,H), 4.90 (6s), 4.38 (dd, J-4.9Hz,H) , 3.90 
(t,J-7Hz,H), 3.80-2.70 (m) , 2.21 (s,3H), 2.30-0.80 (m) , 
and 1 . 04 (d, J=7Hz , 3H) . 

FiXflHTPlfi 146 

amlno-3- ph«»nylmet-hyl-2-oxo-l-piperidinvl)- 
M -t-h i > propionate . 

Following the procedure described in Excui5>le 102, the 
resultant compound from Example 80 (1 g, 2.2 mmol) was 
reductively aminated with the bis hydrochloride salt of 
(L)-(4-thiazolyl) alanine (620 mg, 2.4 mmol) . Following 
the procedure described in Example 83, the resulting 
aminoester was treated with axlhydrous sodium acetate (1.8 
g, 22 mmol) and glacial acetic acid (5 drops) in dry MeOH 
(30 mL) . After heating for 

72 hr at 110°C, the reaction was treated as in Example 83 
to afford a yellow foam. Flash chromatography with ethyl 
acetate/hexane mixtures pjrovided the title compound as a 
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light yellow semi-solid (660 mg, 59%). MS (FAB) : 508 
(M+H)"*". 

loss -M»i-hvi ~ t f 3 5 ^1 - / nr^-?-n^pnv^^nfir^Y^ 

P^P^r-i rti nvi ) -1- lA-i-y^^ 7,'rn^ v^ ) ProPi nnate . 

The resultant compound from Example 148 (2.5 g, 4.9 
nimol) was dissolved in glacial acetic acid (10 ml) and 
then treated with HBr/HOAc (10 ml) . After stirring for 45 
min, the orange solution was concentrated in :aciiQ. The 
residue was dissolved in 50 ml H2O and washed with CCI4 
(4X) . Solid NaHC03 was added to the aqueous layer to 
bring the pH to 9 and the aqueous layer was eattracted with 
CH2C12 (2X) and ethyl acetate (2X) . The combined organxc 
extracts were dried (Na2S04) and concentrated in jacuQ to 
afford a yellow oil (1.8 g) . MS(DCl): 374 (M+H) + . 

Fiynmplff 150 

(pc^A -Moi-hvi - ( - 1 m-TnPt.h^MPiPPrnzinfful f ony l ) . 
flmi nr-^-r'^'^"^"' rr^^rhv^ -?-nxn-1 -pi ri nvM -3- 

The resultant compound from Example 149 (250 mg, 0.67 
iranol) was dissolved in 5 ml dry dimethylformamide. To 
this solution was added N-methylmorpholine (407 mg, 4 
mmol), N,N-dimethylaminopyridine (42 mg, 0.34 mmol) and N- 
methylpiperidin^sulfamoyl chloride (470 mg, 2 mmol) . 
After stirring for 18 hr, the solution was diluted with 
ethyl acetate (150 ml) and washed with saturated brine 
(3X), dried (Na2S04) and concentrated in saciin to afford a 
yellow oil. Flash chromatography with methanol/chloroform 
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mixtures provided the title compound as a colorless foam 
(180 mg, 50%). MS (CI): 536(M+H) + . 

(7<i^ - ( - ( f M-fnPi-bvipinpra7.i nsuT f onvl ) ~ani1 no-3- 

ph«>ny T n.«»1-hv1 -? - nvo-1 -p^ ppr^ fH nvl ) -3- f 4-f M fi7 . 0l V l ) 

pT-npionir ^f^ri «Tn<H o r.^ nn.-^ 4S) -?-ain1 no-l TYrl nhfixvl- 

^ il-rt,->,^rt,-nw-ff-n,^t->»Ylhopi-anft. 

The resultant compound from Exanple 150 (500 mg, 0.93 
mmol) was dissolved in dioxane (9 ml) and cooled to O^C 
under a N2 atmosphere. A solution of LiOH 
(98 mg, 2.3 mmol) in water (3 ml) was added dropwise and 
the solution was stirred for 15 min at 0°C and at 1 hr at 
25°C. The reaction was neutralized with HCl/dioxane (500 
\Ll, 2.3 mmol) and the solution was concentrated jjQ, vacua 
and dried overnight on the Hl-vac. The resultant 
colorless acid, the resultant compound of Example 2 (226 
mg, 0.93 mmol), HOBT (377 mg, 2.8 mmol), and N- 
methylmorpholine (104 mg, 1.02 mmol) were dissolved in dry 
DMF and cooled to -23oc. To this solution was added EDAC 
(178 mg, 0.93 mmol) in one portion. The reaction was 
stirred for 3 h at -23oc, warmed to 25oc, and stirred 
overnight. The reaction was poured into saturated aqueous 
NaHC03 (50 ml) and extracted with ethyl acetate (4X) . The 
combined organic extracts were washed with saturated 
aqueous NaCl (2X) dried over Na2S04 and concentrated in. 
■o-aruo to afford a yellow oil. Flash chromatography with 
methanol/methylene chloride mixtures afforded the product 
as a colorless powder (110 mg, 16%) . 
Mp 93-97«>C. MS(DCI): 747 (M+H) + . 
MS (Hi-Res): Calcd. Mass for C37H59N606S2-747.3937 
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Measured Mass=747.3929. 

P.vatnpIP 15^2 
/9g^ - f ns^ - / m-inAl-hv1p<r«»ray < nsul f onvl) 
awino-^-php ny1wi^t-hvl-7-r.vn-l-r.ir>Pridinv1 ) -3- 
M-^hia^olT7nr>yr>p<r>n^r ar ^H atniriP nf f ?.S . 4S . T R . ? ' -2- 
17 ' -atnino-^ ' -cvrl oh ^'vyl -1 ' -hvfiroxvprOPVl ) -4- 
TBAi-hy 1 tf^t rahvfirnf iiran . 
Following the procedure described in Exairqole 151, the 
resultant compound from Example 150 (611 mg, 1.14 nmol) , 
LiOH (144 mg, 3.42 mmol) / dioxane (9 ml), and H2O (3 ml) 
were mixed at O^C and then stirred at 250C for 1 hr. 
Following neutralization with HCl/dioxane, the solution 
was concentrated ia vnr.uo and dried on Hi -vac. The 
resultant colorless acid, the amine from Exan^le 139 (275 
mg, 1.14 mmol), HOBT (4 62 mg, 3.42 mmol), and N- 
methylmorpholine (115 mg, 1.14 mmol) were dissolved in dry 
DMF and cooled to -23«oC. Following the addition of EDAC 
(218 mg, 1.14 mmol), the reaction was treated as in 
Example 151. Extracive workup afforded a yellow foam. 
Flash chromatography with methanol /methylene chloride 
mixtures produced the title conqpound as a colorless powder 
(115 mg, 14%) . 

t^85-890C, MS(DCI): 746(M+H)+. 

p^poriri^n^7i^-^-M— •mirtay.olvl^nropionate. 
The resultant lactam from Example 82 (640 mg, 
1.3 mmol) and 10% palladium on carbon in glacial acetic 
acid were stirred under a hydrogen atmosphere for 12 hrs. 



wo 90/04917 



FCrAS89/04649 



-216- 

Filtration and solvent, evaporation afforded a colorless 
oil which was dissolved in H2O (25 ml) and made basic with 
saturated NaHCOs solution. The aqueous layer was 
extracted with methylene chloride (5X) and the combined 
organic extracts were dried (Na2S04) and concentrated ia 
yaeuo to afford a colorless foam (390 mg, 84%) . 
MS(DCI)l 357{M+H)+. 

it»al-hy1 > ns> - < M-mP ttlYl -Vii^nypn^^Qnl f onvl > amino) -3- 

The resultant amine from Exanple 153 (180 mg, 0.5 
mmol) / p-toluenesulfonyl chloride (280 mg, 1.26 mmol) / 
N,N-dimethylamino-pyridine{15 mg 0.126 mmol), and N- 
methylmorpholine (141 mg, 1.4 mmol) in methylene chloride 
were refluxed for 6 hr. The solution was cooled and 
diluted with ethyl acetate and then washed with satxirated 
aqueous brine {2X) , dried (Na2S04) and concentrated ia 
yaff uo to afford a yellow oil. Flash chromatography with 
methanol/chloroform mixtures produced the title product as 
a colorless foam (290 mg, 86%) . 
MS(DCI) : . 665(M+H) + . 

f -7- ( n-^ -t>i-1— Rii1-v1 nvyrarhonvl > -1 -iml dazol-4- 
y1 tn'^i-hYi ^ i - M-mpi-hyl -1^n?!«»np.siilfQnv1 ) amino) -3- 

The resultant ditosylate from Example 154 was 
dissolved in dioxane (4 ml) and cooled to 0°C. A solution 
of LiOH (28 mg, 0.68 nmiol) in H2O (2 ml) was added and the 



wo 90/04917 



PCrAIS89/04649 



-217- 



solution was warmed to 2S^C and stirred an additional 2 h. • 
The solution was cooled to 0«>C and a solution of 
ditertbutyldicarbonate (44 mg, 0.202 mmol) in dioxane (1 
ml) was added. The cooling bath was removed and the 
solution stirred for 4 hr at ZS°C. The solution was 
diluted -with H20 (25 ml) and extracted with ether (2X) 
after which it was acidified and extracted with methylene 
chloride (5X) . The combined organic extracts were dried 
(Na2S04) and concentrated ia jacilfl to afford a colorless 
powder (61 mg^ 76%) . 
MS (DCI ) : 497 (M-C5H9O2 ) • 

FiTTfinT''*' "^^^ 

l^^>,^on«.g,i 1 ■ F nrv"' ^ "TTii Tio> -^-Dhen v1 mptti Vl -?-oxo-l- 

The resultant acid from Example 155 (80 mg, 0.134 mmol), 
the resultant compound from Example 2 (33 mg, 0.134 mmol), 
HOBT (55 mg, 0.422 mmol), and N-methylmorpholine (15 mg, 0.15 
mmol) were dissolved in dry DMF and cooled to -23oc. To this 
solution was added EDAC (26 mg, 0.134 mmol) in one portion. 
The reaction was treated as in Examples 86 and 87 to provide 
the- imidazole protected product which was dissolved in THF (2 
ml) . Acetic acid (6 ml) and water (2 ml) were added and the 
reaction was stirred for 3 h at SOoc. The cooled reaction 
was worked up to provide the crude product as a colorless 
foam. Flash chromatography with methanol/methylene chloride 
mixtures provided the title compound as a colorless powder 
(35 mg, 36%) . 

Mp=125-l32«C MS(Fi^): 722(M+H) + . 
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MS (Hi -Res): Calcd. Mass for C39H55N50SS=722.3951 
Measured Mass»722.3958 

FlKrlTTiplft 157 

.Qii1fnnYl - ?>lcfitn-ninPra7.ine-l-v1)-Pr0Pi0nin flfild PiTTllCift Of 5" 
Ami nn-fi-r.y m nh^vyT -4^hvrirnxv-l-i SOPrOPVlSlll f Onv l - 

The acid from the hydrolysis of 2SL (Scheme 12) is 
coupled to 5-Amino-6-cyclohexyl-4-hydroxy-l- 
isopropylsulfonyl-2-methylhexane (Tet. Lett. 20., 2653, 
1989) to obtain the title coir?>ound- 

EXrlTTTPle 158 

c:ii1'Fnnyl-9-l<rfit: n -p'!p^-ragin-1-vl^-nropioniC aoid ftmidfi Of 
T.QnpT-npyl nn-4 -rvrl ohPXVl -2-TlVdrOyVt>HtVm,fi , 

The acid from Exaii?)le 157 is coupled to isopropyl 3-amino-4- 
cyclohexyl-2-hydroxybutyrate (Japanese Patent Application No. 
J63275552, published November 14, 1988) to obtain the title 
conqpound. 

]=;?;nTnp1ff 159 

gnT-Fnny1-9-kPl'n->piper a7:TnP-l-y1 ^ "propionic acid Amide of 
zvf^pPA amidP of 7-TnoTphnlino-p.r.hv3 amine. 
The acid from Example 157 is coupled to ^CSBK amide of 
2-morpholino-ethyl amine (Japanese Patent No. J62246-546, 
piablished October 27, 1987; European Patent Application No. 
EP 0274259, published July 13, 1988) to obtain the title 
compound. 
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Fiypiniplft 1.6Q 

nn 7-nvr1 nh P yY"' -■^-hyrirnvv-^-i SQPrOPVl -1 -hftPt fine . 

The acid from Example 157 is coupled to 6-Amino 7- 
cyclohexyl-5-hydroxy-3-isopropyl-l-heptane (European Patent 
Application No. EP 0310918, published April 12, 1989) to 
obtain the title compound. 

fjyfamplp 161 

'j-fq-Thia^mvi> - ?-^^p-t^pnrvi-4-w-m-mprtivlPipprfl7 . y l >- 
e„^fnnv^ - ?-^p^^r^-r^ippr°^■^«-^-^^^-nrnp^on^c arid ftmlfift nf 5- 

?-rYrT ^Y^ mpf-hvl amine . 
The acid from Example 157 is coupled to 5-Amino-6- 
cyclohexyl-4-hydroxy-2-isopropylhexanoyl-L-isoleucyl-2- 
pyridylmethylamine (J. Med. Chem., 23., 2080, 1986) to obtain 
the title compotand. 

r^- /^-Thia?r>1 vi ^ -7- nR-h pn^Y^ -^-N- m-TT.Pt-hv1niopra7.vl>- 

ci,ifnnvi-?-vpfo-pi p p>-^^^np-i-vn-prnpinn1r an1ri amidft nf 5- 
aTn^nn-fi-ipopT-npYl - a-hvHT-nw-?-8«noi-r>pv1hPxanovl-T.-isn1ffllCY l - 

riyl niPt^'Y^ «nl^ nP . 
The acid from Example 157 is coupled to 5-Amino-6- 
isopropyl-4-hydroxy-2-isopropylhexanoyl-L-isoleucyl-2- 

pyridylmethylamine (U.S. 4,705,846, issued November 10, 1987; 
J. Med. Chem. 21, 2088, 1986) to obtain the title compound. 
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f.vaTnplf^ 163 

gill 'Fonvi-2-icf^t:o- p Tp^T-;^7.in-i-vn -propionic arid Amirifi of 4- 

3iTn^nr>^:?,:?-rii-FlTinro> 3 --byHT-r>yv-6-Tnfit.hvlhePtanOVl "L^j <iOl filirvl -2- 

pyr 1 dvlTT igt-hyl am-j nf^ - 

The acid from the hydrolysis of 2SL (Scheme 12) is 
coupled to 4-Amino-2,2-difluoro-3-hydroxy-6-methylheptanoyl- 
I,-isoleucyl-2-pyridylmethylamine (J- Med. Chem.r 231/ 2080, 
1986) to detain the desired con^xind. 



^■r-^-ThiPTnivn-^-f^R-i^^n^vi-^-N-m-niprTivlPiPerrazvl)- 
c;nlfQnvl-2-v^t-n^pin g>T-^^in-l-v1 > -propionic acid 
ATnidf* of ACHPA-rii-Flunyo gl-al-infi ami rif> of f 2^met:hv1 -PrOPVl) - 

amine . 

The acid from Example 157 is coupled to ACHPA- 
difluorostatine amide of {2-methyl-propyl) -amine (J. Med. 
Chem., 21, 20B0, 1986) to obtain the desired analog. 

P.vanip1g> 165 

f-^^Thi agQlvl^ f ^R-bf >ny.vt>4-w-m-methvlpipera7vl) - 
giilfonyl-2-kot-n-pipg>T-a?in-l-y 1 Wpropinnin arid Amide of 3- 
Ami nft^4-nvrlnhf>vyl-2-hydrnyy -1 <^oornpylsulf onvlbutane . 
The acid synthesized in Example 157 is coupled to 3- 
Amino-4-cyclohexyl-2-hydroxy-l-isopropyls\ilf onylbutahe (U.S. 
4,826,815, issued May 2, 1989) to obtain the title compound. 
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FiXriniplft 166 

r^, |r^.r>^^ p^ni vi \ (^p-H»n^vi -4-N- m-methvl Pi Pftrfi 7.Y 1 ) - 
. ,1,^^nny^-?-VP^o-T ^ ■^p«'^ra7in-^-Y^^-pT•r>p^^nir arid ftmidft of 

-W-T«8r.hn1- v1 -4-hvfirn ? :Y-'^-am< nn-fi-nvclQhPVVl -finS" 

The acid from Example 157 is coupled to (4S,5S)-N- 
lsobutyl-4-hydroxy-5-amino-6-cyclohexyl-hex-l-ene-2- 
carboxamide (J. Org. Chem., 51, 3921, 1986) to obtain the 
desired product. 

fjyamplo 1g7 

«,„lfnny1-.9-lc*>^n - pSppi'a^inp-1-Yl^-prnnionic arid ATIlidft Of 

f iig ^ -cj-ATn^ n n -4-h.7Hrnxv-7-mei-hvl -?F,-orl-ftnni r . ac i d 

iRohiity l amide. 

The acid from Example 157 is coupled to (4S, 5S) -5-Amino- 
4 -hydroxy-7 -methyl -2E-octenoic acid isobutylamide (European 
Patent Application No. EP 0272583, published June 19, 1988) 
to obtain the desired title conpound. 

^- /^,T»hH a^^i vi \ - 7 - r^p-hPn^vi m-merhvlPiPftrazY l ) - 

/IP ■ -^q. 4fi) -fl-ani< nn - '^-^yrl ohAvvT -3-hvdr0XV-1 -iSQPrnPYl -ffftnt - flnS 
fanlfnnir an-id mnmbnlino amide. 
The acid from Example 157 is coupled to (IR, 3S, 4S) -4- 
Amino-5-cyclohexyl-3-hydroxy-l-isopropyl-pentane sulfonic 
acid morpholino amide (European Patent Application No. 
EP 0309841, published April 5, 1989) to obtain the title 
compoiind. 
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C^cj^ - I f^q^ - ( m-T T ip^-hyl pi ppra 7 1 n 1 f on Vl ) - 
ami nn-^-p ht^nylTTiPl-hYl -^-nvn-l -ninpri di nvl ) - 

-^-M-i-bia ^oiYi ^ nronionic arid amidfi Qf 
«».«;-rAroinhpyv1 -4-hvdroxv- 

Following the procedure described in Example 152, the 
acid obtained in Bxample 152 is coupled to 5-Aniino-6- 
Cyclohexyl-4-hydroxy-l-isopropylfulfonyl-2-methylhexane 
(Tetrahedron Letters, 1989, 2a, 2653) to afford the title 
compound. 

P.vainplg* 170 

aTninn-^-phAnvlTnPl- hy1-7-nvo^1-T>iof>ridinvl>- 
^-/4-i-bia7n1v1 > pT-f.r><onir arid amide Qf 

Tc»pT-r.T>vi •^ - &Tninn-4-rY^iohP>vvi 7-hvdroxvbutvrate . 
Following the procedxire described in Exanple 152, the 
acid from Example 152 is coupled to isopropyl 3-amino-4- 
cyclohe^l-2-hydroxybutyrate (Japanese Patent implication 
No. J63275552, published November 14, 1988) to afford the 
title compotand. 

TiyftTTiplf! 171 

- ( r-^S^ -r m-TiiP l-hvlpinPrayingnl-Fonvl^ - ' 
aTninn-/<-T %b«»nv1tT»Al-hv1-?-nxO-l-piPffr1dinYl)-- 
•^-/4-l-h-ta7:nlYT^ propinnir agi ri amidf* ACHPA amide of 2- 

mnrptinll n^"*"^?^ atmn«». 
Following the procedure described in Example 152, the 
acid obtained in Exan?>le 152 is coupled to ACHPA amide of 2- 
morpholinoethyl amine (Japanese Patent Application No. 
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J62246546, published October 21, 1987; European Patent 
Application NO. EP027425, published July 13, 1988) to afford 
the title compound. 

fiyamplP 172 

f^m i p^-^-p h onyi tn^^i-h vi -?-nx6-l -p1 ppri Anvl ) - 

«;-Hyrtrnxv-'^-Tgnpr r>pYl -1 -hPPt.ftna^ 
Following the procedure described in Example 152, the 
acid from 152 is coupled to 6-Amino-7-Cyclohexyl-5-Hydroxy-3- 
Isopropyl-l-heptene (European Patent implication No. 
EP0310918, published April 12, 1989) to afford the title 
compound. 

P/yampIP 173 

r9<;^ - ( - 1 m-mPi-hv1 ni pera? i rriiil f ony l ) - 
■^-fA-rh^^Tr.^y^^ nrnn j ^r^^ ^^■?ri ami d.^ of 5-ftmi no-f^-tTYnl nnft«v l - 

ryri riy"" "'^'i-^^vi amine . 
Following the procedure described in Example 152, the 
acid obtained in Example 152 is coupled to 5-Amino-6- 
cyclohexyl-4-hydroxy-Z-isopropylhexanoyl-L-isoleucyl-2- 
pyridylmethylamine (J. Med. Chem., 1986, 23l, 2080) to afford 
the title compound. 
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RyaTnplg> 174 

(7<^\ - ( n^) - ( m-Tng>thvlT^i perazinsiilfonvl) - 
ainino-3-phg^nylmP^:hvl -7-oxQ-l-Piperidinvl> - 
^-f/l-fhiaTolyn pT-np-ionir ^ nir^ amidf^ n€ .S-Ami no-fi^-j fiOProPVl - 
4>hydrQxy>;?->TsQpyopv1hP.xanovl-L-iSQleucvl-2" 
pyyT riy ItnPfbyl ami , 

Following the procedure described in Exaiaple 152 r the 
acid obtained in Exaxnple 152 is coupled to 5-Andno-6- 
Isopropylhexanoyl-L-isoleucyl-2-pyridylmethylamine (U . S - 
4,705,846, issued November 10, 1987; J. Med. Chem., 1986, 
22, 2088) to afford the title coii5)Ound. 

F.yaTTTplP 175 
- ( C^^) - ( m-Tnfithylpipgra7.T n.sulfonvl) - 
amS nn-:^-phenylTnt>t!hv1 -?-qxo-1 -pItoH di nvl ) - 
^■>f4^-bhia^olyn nrnpionir arid amide of 4-Ainino-2 , 2-dif luoro- 
?-hydroy y-g-mel^hv1 bmt^ an oy 1-1.^1 sol enrvl -2-pvridvlmp.t:hvl amine . 
Following the procedure described in Exaiiqole 152, the 
acid obtained in Example 152 is coupled to 4-Amino-2,2- 
difluoro-3-hydroxy-6-methylheptanoyl-L-isoleucyl-2- 
pyridylmethylamine (J. Med. Chem., 1986, Zlr 2080) to afford 

the title compound. 
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f.vampIP 176 

#?g\ - ( - ( fT<i-m«*t>TYip-l«*»T-a7 1 nsnl f onvl ) - 

j^ ^^ pn-^-ph p nyl lnA^hv^ -?-nXO-1 -pj Pf>ri fll HVl) - 

^~//i-fhia7mYT^ ^^r^n^n n ^^ ar^ri smidp of ftCHPft-fli f 1 iinrnf=ir , rir .i ne 

Following the procedure described in Example 152, the acid 
obtained in Example 152 is coupled to ACHPA-difluorostatine 
amide of 2-methylbutylamine (J. Med. Chem., 1986, 22., 2080) 
to afford the title compound. 

f.vampT<» 177 
Qfj^ - t /? <;\ - I fW-n>Pthvlrip*»ir-ayin«in1 fonvl) - 
an.S nn-^-nh p nyl iii*»1-hvT -?-nyn-1 -pj PPr1 <11 HVl ) - 

^-I^Y^^^-^Y-i goprnnvi sni fonvl beltane . 
Following the procedure described in Example 152, the 
acid obtained in Example 152 is coupled to 3-Amino-4- 
cyclohexyl-2-hydroxy-l-isopropy Isulf ony Ibutane (U.S. 
4,826,815, issued May 2, 1989) to afford the title compound. 

P.vaTTipIP 178 
f?<;^-rn< ;A-/ /w-mPi-hv1nir>pra7insii1fnnvl)- 

no-^-nh p nyT TnP^hvl -?-nX(V-1 -PjPPH fH TIVl ) - 

VM-^h.-^^ n lyl^ p,-opi»nio ar-tri amjrtP of (4S. 5S> -N-TROh^tVlM- 
^yriT'ftW-'S-«in< nn-fi-rvr1 OhftXVl-heX-1- 
onp-9-ffarbnvaiiii Hp . 

Following the procedure described in Example 152, the 
acid obtained in Example 152 is coupled to (4S,5S)-N- 
Isobutyl-4-hydroxy-5-amino-6-cyclohexyl-hex-l- 
ene-2-carboxamide (J. Org. Chem., 1986, 51/ 3921) to 
afford the title ccHitpound. 
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Examplp 179 
f - ( ns ^ - ( m-tnPi-hvlni pftraz i nsnl f nnvl ) - 

ami no-:^-phpn yl TnP>1-hy1 -?-nvr.-1 -ni npri tti nvl ) - 

hyriTOyy«7-mg1-hy1>?R -nrfPnoi^ ar^d i<^ft>Mi1-Yl amide. 
Following the procedure described in Exanple 152, the 
acid obtained in Example 152 is coupled to {4Sr5S)-5- 
Amino-4-hydroxy-7-inethyl-2E-octenoic acid isobutylamide 
(European Patent Application No. EP 0272583, published 
Jxme 19, 1988) to afford the title con^Jound. 

aTnino-3-pbP^nylTnP.t!hvl -2-oyo-1 -nioer i di nvl ) - 
^-f4-Miia7n1yl^ p T-npinnir arid amiHp> of flR, , 4S) -/l-a?ni 
ryrlQheyyl-3 -bydT-nvv>l -isopropvlpentanesulf onic acid 

mn-rpHnlinnamTde. 

Following the procedure described in Example 152, the 
acid obtained in Example 152 is coupled to (IR, 3S, 4S) -4- 
Amino-5-cyclohexyl-3-hydroxy-l-isopropylpentanesulfonic acid 
morpholinoamide (European Patent Application No. EP 0309841, 
published i^ril 5, 1989) to obtain the title coii?>ound. 

Exainple 181 

(9^^ -M^f hvl- ((3 ^)-( m-TTig^thvl -N-methvl- 
pipi^T-azj ngnl^nnvl ^ aTnino-S-phenvlnifithvl -2-OXO-l-piperidinvl ) " 

( a^ftl y 1 \ pyonionate , 
The resultant compound from Example 150 is mixed with 
aqueous formaldehyde, and sodiiim cyanoborohydride in 
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acetonitrile and stirred until the reaction is complete. 
Normal workup affords the title compound. 

Fixamplft 182 

^^^)-{ n f ^) - ' /w-mAi- > ^YT-M-.nPi-hviniT>pra7in-' i n1fonYl ) fiTninn-3- 

Following the procedure described in Example 151, the 
resultant compound from Example 181 is hydrolyzed to the free 
acid and coupled to the amine from Exanple 139 to afford the 
title coii:?>ound. 

Y^^^"^*^ ia3 

^oc .^ - ^ pf^) - / m-n.^i- > iyi -M-n.«.i-bvl -^inerazinsrll f OTIYi ) nniinn-3- 
.^iH^ n-F f^*: ^p iis^-9-;»n»ino-i-cvc1oheyYl-3,4-fiiriYnro«Y-6- 

Tnpf^ylht^pl-anP. 

Following the procedure described in Exan5>le 151, the 
resultant compound from Example 181 is hydrolyzed and coupled 
to the resultant compound of Example 2 to afford the title 
compound. 

^^.r.^r^-^ -p^ r »o^r•^ rii nvl > /^-i->^< a^nl vl ^ r)roT)i onatfi ■ 

3. np>--^-Ph«.nvi Tnf>r>''Y''-'' nHH-oxa7.o1nfH.?-n1 

fl , •^iKon7nva -><no-? nn^ .S-dione; 
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Following the procedure of Block (J. Cheia. Soc- 
(c), 329, 1221). Na metal (1-15 g, 50 mmol) was dissolved 
in 500 ml of absolute ethanol. L-Phenylalanine (8.26 g, 
50 mmol) and salicylaldehyde (6.11 g, 50 mmol) were then 
added and the yellow-green solution was concen- 
trated In va™o and further dried for 3 h at SO^C under 
hi-vac. The yellow residue was suspended in dry, ethanol- 
free chloroform (200 ml), treated with K2C03 (60 g, 450 
mmoDr and cooled in an ice-H20 bath. A solution of 
phosgene (5.5 g, 55 mmol) in chloroform (100 ml) was added 
dropwise over 1 h and the reaction was stirred for an 
additional 2 h at 25^C. Excess phosgene was removed with 
a stream of dry N2 and the organic solution was decanted. 
The salts remaining in the reaction flask were washed with 
several portions of chloroform and the combined organic 
solutions were washed with water (2x) , half-saturated 
aqueous NaCl (2x) ^ saturated aqueous NaCl (Ix) , dried 
(MgS04) and concentrated in xacua to afford a pale yellow 
solid. Recrystallization from ethyl acetate/hexane 
provided the title coxnpound as a colorless solid (7.2 g, 
58%) . 

MS(DCI) : 296 (M+H) + . ■ 

b: /-^g, 1 ^^-PhP^nvlT Ti^t-hvl ^^>n ^-^nyonfinvl^ -1 QbH-oxazolo 
rq.?^ni ^^-^^>^^nrTnyaTlT^e-2(3H) , S-dione , 
A solution of the resultant compound from Example 
184a (886 mg, 3 mmol) in dry THF (15 ml) was cooled to 
-78°C and then treated with a THF solution of lithium 
bis (trimethylsilyl) amide (IH, 2.94 ml^ 2.94 mmol). After 
the addition of DMPD (1.15 g, 9 mmol), the solution was 
stirred for 15 min at -78^0 and then treated with allyl 
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bromide (725 mg, 6 inmol) . The reaction was stirred for 2 
h at -780C and then warmed to -20OC over 2 hr. The 
reaction was recooled to -780C and then acetic acid (100 
^1) was added. The solution was concentrated in azacilQ and 
the residue was partitioned between ethyl acetate (200 ml) 
and saturated aqueous citric acid (100 ml) . The layers 
were separated and the organic layer was washed with 
additional saturated aqueous citric acid (2x) , water (Ix), 
saturated brine (Ix) , dried (Na2S04) and concentrated in 

to afford a yellow oil. The oil was dissolved in 
methylene chloride and passed through a 6" plug of silica 
gel eluting with 12.5% ethyl acetate/hexane . The eluent 
(200 ml) was concentrated in aacua to afford the title 
contpound as a colorless oil (940 mg, 82%) . 

MS (DCI ) : 336 (M+H) •»■, 353 (M+NH4 ) - 

c: /g^ -7-Ani-i T ^ n-9-p>^«>nvirf»>iYi -4-npntpnni c acid ■ 
A solution of the resultant compound from Exan^jle 
184b (210 mg, 0.63 mmol) was dissolved in dioxane (9 ml) 
and treated with a solution of LiOH-HzO (105 mg, 2.5 mmol) 
in 4 ml H2O. The green solution was stirred for 1 h at 
room temperature and then acidified with 10% HCl to pH = 
1. After stirring 2 h at R.T. the solution was 
concentrated in JcaoiQ. The residue was dissolved in 10% 
HCl (5 ml) and extracted with diethyl ether (4x) . The 
aqueous solution was concentrated in 2iaS33Si, redissolved in 
5 ml H20 and applied to 15 g of Dowex H+ form ion-exchange 
resin. The column was eluted with water (100 ml) and then 
1.3 H ammonium hydroxide. The ninhydrin positive 
fractions were pooled and concentrated in vacuo - The 
residue was dissolved in 10 ml water and concentrated in 
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varuo ; repeat once more. Filially, the residue was 
dissolved in water and passed through a C-18 Sep Pak 
cartridge which was then eluted with 20% methano 1/ water . 
The eluent was concentrated in vacUQ and dried overnight 
under hi -vac {50^C, 0.3 iranHg) to afford a colorless powder 
(85 mq, 65%) . 

MS (DCI ) : 206 (M+H) 223 (M+NH4 ) + . 

p^n1-g>nnir acid. 
The resultant coit5)otind from Example 184c is dissolved 
in saturated aqueous sodium bicarbonate and heated with 
excess N- (benzyloxycarbonloxy) succinimide until no more 
amino acid remains. The solution is cooled and extracted 
with ether. The solution is then acidified and extracted 
with ethyl acetate which is dried and concentrated to 
afford the title compound. 

e: f4gW3-B**nyYloyy f-a-rHnnvl-4-phenYlTnAl-hvl->4-fl-(2- 
PT-npgiTiYl \ \ -R-QXQnva7!ol3 dine ■ 
The resultant compound from Example 184d C2.30 g, 
6-78 mmol) , paraformaldehyde (0.75 g, 25 ramol) and 
toluenesulfonic acid (0.13 g, 0.68 mmol) were dissolved in 
toluene and refluxed for 2.5 h during which time the water 
produced in the reaction was removed by a Dean-Stark trap. 
The reaction was cooled and diluted with ether. The 
organic solution was washed with saturated aqueous sodium 
bicarbonate (2x) , saturated aqueous sodium chloride (Ix) r 
dried (Na2S04) and concentrated in. yacuQ to provide a 
yellow oil. Flash chromatography with ethyl 
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acetate/hexane mixtures afforded the title compound as a 
colorless oil (1.53 g, 64%) . 

MS(DCI): 352(M+H)+, 369{M+NH4)+. 

f. -^-p^n,v i nirvrf"-^"""^ " " n-hv(irnrwroPYl ) -4- 
Pl^finY^T'**'^^'' -g-mrnn-ffn^"'' ^ - 
The. resultant cowpoiind from Example 184e (1.40 g, 
3.98 mmol) was dissolved in dry THF and treated dropwise 
with 9-BBN (11.95 ml, 5.98 mmol). After stirring 
overnight the mixture was quenched with one ml of water. 
The reaction flask was immersed in a 25^0 water bath 
followed by the concurrent and dropwise addition of 31i 
NaOH (10 ml, 30 mmol) and 30% H2O2 dO ml). Stirring was 
continued for 10 min after the addition was completed 
after which the solution was saturated with solid NaCl. 
The layers were separated and the aqueous layer was 
extracted with ether (3x) . The combined organic extracts 
were washed with saturated aqueous NaHCOs solution, dried 
over Na2S04 and concentrated in YflGUQ . Flash 
chromatrography with ethyl acetate /hexane mixtures 
provided the title compound as a colorless oil (1.12 g, 
76%) . 

MS{DCI): 387(M+NH4)+. 
/| -phf»n yl m.^l'hvT -ti-^-roovaynl i dine . 

The resultant compound from Example lB4f (1.11 g, 3 
mmol) was dissolved in CH2CI2 (5 ml) and added to a 
vigorously stirred mixture of PCC (1.75 g, 4. mmol) and 4 
k molecular sieves (4 g) in ca2Cl2 dOO ml) . Additional 
portions of PCC (0.8 g, 2 mmol) were added after 30 min 
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and 45 min. After 1 h total reaction time, the mixture 
was poured into moist ether (200 ml) . The reaction flask 
was washed with ether (4x) and the combined organic 
solutions were filtered through celite and concentrated in 
vacno to afford a dark semisolid- The crude product was 
dissolved in CH2CI2 and filtered through a 4 inch column 
at florisil- The filtrate (200 ml) was concentrated ia 
vaCTto to afford the title compound as a light yellow oil 
(0.63 g, 57%) . 

MS (DCI) : 385 (M+NH4) +. 

h: f:>S^ -Methyl - i (^^^ - ( mi:>r>gvl nvyrarbonvl ) 1 aTnino-3- 
p>ii:>nYlTnPit>hvl-2- <^vn-1 -r>i neridinvl ) -3- (4- 
ay.n1 v1 ) propionate.. 
Following the procedure described in Example 102, the 
resultant product from Example 184g (630 mg, 1.71 mmol) 
was reductively aminated with the bis hydrochloride salt 
of L-(4-thiazolyl) alanine (0-44 g, 1.71 mmol). Following 
the procedure described in Example 83, the resulting 
aminoester was treated with anhydrous sodium acetate (1.42 
g, 17 xmnol) and glacial acetic acid (7 drops) in dry MeoH 
(30 ml) - After heating for 18 h at llO^C the reaction 
mixture was treated as in Example 83 to afford a yellow 
foam. Flash chromatography with ethyl acetate/hexane 
mixtures provided the title con5>ound as a light yellow 
foam (463 mg, 53%) . 

MS (DCI) : 508(M+H)+. 

The confounds of the present invention can be used in 
the form of salts derived from inorganic or organic acids. 
These salts include but are not limited to the following: 
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acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, 
camphorsulfonate, digluconate, cyclopentanepropionate, 
dodecylsulfate, ethanesulfonate, glucoheptonate, 
glycerophosphate, hemisulfate, heptonate, hexanoate, 
f\jmarate, hydrochloride, hydrobromide, hydroiodide, 2- 
hydroxy-ethanesulfonate, lactate, maleate, 
methanesulfonate, nicotinate, 2-naphthalenesulfonate, 
oxalate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, 
tartrate, thiocyanate, tosylate, and xindecanoate . Also, 
the basic nitrogen-containing groups can be quaternized 
with such agents as lower alkyl halides, such as methyl, 
ethyl, propyl, and butyl chloride, bromides, and iodides; 
dialkyl sulfates like dimethyl, diethyl, dibutyl, and 
diamyl sulfates, long chain halides such as decyl, lauryl, 
myristyl and stearyl chlorides, bromides and iodides, 
aralkyl halides like benzyl and phenethyl bromides, and 
others. Water or oil-soluble or dispersible products are 
thereby obtained. 

Exan?>les of acids which may be employed to form 
pharmaceutically acceptable acid addition salts include 
such inorganic acids as hydrochloric acid, sulphuric acid 
and phosphoric acid and such organic acids as oxalic acid, 
maleic acid, succinic acid and citric acid. Other salts 
include salts with alkali metals or alkaline earth metals, 
such as sodium, potassium, calcium or magnesium or with 
organic bases. 

The compounds of the present invention can also be 
used in the form of prodrugs which include esters. 
Examples of such esters include a hydroxyl-substituted 
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compound of formula I which hats been acylated with a 
blocked or xinblocked amino acid residue, a phosphate 
fxmction, or a hemisuccinate residue • The amino acid 
esters of particular interest are glycine and lysine; 
however, other amino acid residues can also be used. Other 
esters include the conqpounds of formula I wherein a 
carboxylic acid group has been esterif ied to provide esters 
which include, but are not limited to, methyl, ethyl or 
benzyl esters. These esters serve as pro-drugs of the 
compounds of the present invention and serve to increase 
the solubility of these sisbstances in the gastrointestinal 
tract. The prodrugs are metabolically converted ia vivQ to 
the parent compound of formula I. The preparation of the 
pro-drug esters is carried out by reacting a hydroxyl- 
substituted compound of formula I with an activated amino 
acyl/ phosphoryl or hemisuccinyl derivative. The resulting 
product is then deprotected to provide the desired pro-drug 
ester. Prodrugs which are esters of carboxylic acid group 
containing compounds of f ormxila I are prepared by methods 
known in the art. 

The novel compounds of the present invention possess 
an excellent degree of activity and specificity in treating 
hypertension in a host. The novel compounds of the present 
invention are also useful for treating congestive heart 
failure. The ability of the compounds of the invention to 
inhibit human renal renin can be demonstrated in vitr-o by 
reacting a selected compound at varied concentrations with 
human renal renin, free from acid proteolytic activity, and 
with renin substrate (human angiotensinogen) at 37 degrees 
C and pH of 6.0. At the end of the incubation, the amount 
of angiotensin I formed is mesisured by radioimmunoassay and 
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the molar concentration required to cause 50% inhibxt.on, 
expressed as the IC^,, is calculated. When tested xn 
accordance with the'Lregoing procedure, the confounds of 
the invention demonstrated IC^^'s in the range of 10 
lO"**'^ M as seen in Table I. 
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The ability of the compounds of the invention to 
decrease blood pressure and plasma renin activity in v i vp 
can be determined using the following method. 

Tn Vivo Ar1--ivif-v 

Male cynomolgous monkeys housed under constant 
temperature and lighting conditions and weighing 3-5 kg 
were . instrumented with chronic indwelling arterial and 
venous catheters. Following pretreatment by salt- 
depletion, the monkeys were dosed by nasogastric tube with 
3 mg/kg of the compound of Example 152. The results with 
three monkeys are shown in Table II. 
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TflblP TT 

Effect of the Compound of Exan?>le 152 on Blood Pressure 
(BP, nnnHg) and Plasma Renin Activity (PRAr ng/ml/hr) in 
T ^T-«*«a san- n«»pi«»i-^d Monke y " FftT'ow'"" f>T-ai Dosina f3 mq/kq) 
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Tliese results indicate that the compound caused a 
decrease in blood pressure accompanied by suppression of 
PRA when administered orally. 

The compounds of the invention may also be used with 
one or more antihypertensive agents selected from the group 
consisting of diuretics, and/or ^-adrenergic blocking 
agent Sr central nervous system -acting agents,, adrenergic 
neuron blocking agents, vasodilators, angiotensin I 
converting enzyme inhibitors, and other antihypertensive 
agents . 

Total daily dose administered to a host in single or 
divided doses may be-in amounts, for exaii?>le, from 0-001 to 
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10 mg/kg body weight daily and more usually 0.01 to 10 mg. 
Dosage unit coit?>ositions may contain such amounts of 
submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined 
with the carrier materials to produce a single dosage form 
will vary depending upon the host treated and the 
particular mode of administration. 

It will be understood, however, that the specific dose 
level for any particular patient will depend upon a variety 
of factors including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet, 
time of administration, route of administration, rate of 
excretion, drug combination, and the severity of the 
particular disease undergoing therapy. 

The compounds of the present invention may be 
administered orally, parenterally, by inhalation spray, 
rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutically 
acceptable carriers, adjuvants, and vehicles as desired. 
Topical administration may also involve the use of 
transdermal administration such as transdermal patches or 
iontophoresis devices. The term parenteral as used herein 
includes subcutaneous injections, intravenous, 
intramuscular, intrastemal injection, or infusion 
techniques • 

Injectable preparations, for example, sterile 
injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 
sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
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parenterally acceptable diluent or solvent, for example/ as 
a solution in 1,3-butanediol- Among the acceptable vehicles 
and solvents that may be employed are water. Ringer's 
solution, and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventinally employed as 
a solvent or suspending medium. For this purpose any bland 
fixed oil may be enqployed including synthetic mono- or 
digiycerides. In addition, fatty acids such as oleic acid 
find use in the preparation of injectables. 

Suppositories for rectal administration of the drug 
can be prepared by mixing the drug with a suitable 
nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
temperatures but liquid at the rectal temperature and will 
therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include 
capsules, tablets, pills, powders, and granules. In such 
solid dosage forms, the active compound may be admixed with 
at least one inert diluent such as sucrose lactose or 
starch. Such dosage forms may also comprise, as is normal 
practice, additional substances other than inert diluents, 
e.g., lubricating agents such as magnesium stearate. In 
the Case of capsules, tablets, and pills, the dosage forms 
may also comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may 
include pharmaceutically acceptable emulsions, solutions, 
suspensions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such compositions 
may also comprise adjuvants, such as wetting agents. 
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emulsifying and suspending agents, and sweetening, 
flavoring, and perfuming agents. 

The present invention also relates to the use of novel 
compounds, pharmaceutical compositions containing the novel 
compounds and the use of the compounds and compositions to 
inhibit renin for treating glaucoma or reducing and/or 
controlling intraocular pressure. The present invention 
also relates to the use of novel compounds and 
pharmaceutical con?>ositions which inhibit renin in 
combination with a beta-adrenergic antagonist agent or an 
angiotensin converting enzyme inhibiting compound for 
treating glaucoma or reducing and/or controlling 
intraocular pressure. 

The present invention also relates to pharmaceutical 
compositions for treating the increase in intraocular 
pressure associated with the administration of steroidal 
antiinflammatory agents comprising novel renin inhibiting 
compounds in combination with a steroidal antiinflammatory 
compound in a pharmaceutically acceptable vehicle. 

The present invention also relates to a kit comprising 
in individual containers in a single package a novel renin 
inhibiting compound in a suitable pharmaceutical vehicle 
and a steroidal antiinflammatory compound in a suitable 
pharmaceutical vehicle and/or a beta-adrenergic antagonist 
agent in a suitable pharmaceutical vehicle or an 
angiotensin converting enzyme inhibiting compound in a 
suitable pharmaceutical vehicle. 

The compositions of the invention are administered as 
topical or systemic pharmaceutical compositions when used 
for treating or reducing and/or controlling intraocular 
pressure. 
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These compositions are preferably adniinistered as 
topical pharmaceutical compositions suitable for ophthalmic 
administration, in a pharmaceutically acceptable vehicle 
such as pharmaceutically acceptable sterile aqueous or 
nonaqueous solutions, suspensions, em\ilsionSr ointments and 
solid inserts. 

Examples of suitable pharmaceutically acceptable 
vehicles for ophthalmic administration are water, propylene 
glycol and other pharmaceutically acceptable alcohols, 
sesame or peanut oil and other pharmaceutically acceptable 
vegetable oils, petroleum jelly, water sellable 
ophthalmologically acceptable non-toxic polymers such as 
methyl cellulose, carboxymethyl cellulose salts, 
hydroxyethyl cellulose, hydroxypropyl cellulose; acrylates 
such as poly aery lie acid salts; ethylacrylates; 
polyacrylamides; natural products such as gelatin, 
alginates, pectins, tragacanth, karaya, agar, acacia; 
starch derivatives such as starch acetate, hydroxyethyl 
starch ethers, hydroxypropyl starch; as well as other 
synthetic derivatives such as polyvinyl alcohol, polyvinyl 
pyrrolidone, polyvinyl methyl ether, polyethylene oxide, 
carbopol and xantham gum; and mixtures of these polymers. 
Such compositions may also contain adjuvants such as 
buffering, preserving, wetting, emulsifying, and dispersing 
agents. Suitable preserving agents include antibacterial 
agents such as quaternary ammonium compounds, 
phenylmercuric salts, benzyl alcohol, phenyl ethanol; and 
antioxidants such as sodiiom metabisulf ite, butylated 
hydroxyanisole and butylated hydroxytoluene.* Suitable 
buffering agents include borate, acetate, gluconate and 
phosphate buffers. 
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The pharmaceutical ophthalmic compositions of the 
invention may also be in the form of a solid insert. A 
solid water soluble or water swellable polymer such as 
dextran, hydroxyloweralkyl dextran, carboxymethyl dextran, 
hydroxyloweralkyl cellulose, loweralkyl cellulose, 
ceirboxymethyl cellulose, polyvinyl alcohol, dextrin, 
starch, polyvinyl pyrrolidone and polyalkylene glycols may 
be used as the carrier for the drug. 

Dosage levels of the active compound in the 
coitT>ositions for treating glaucoma or reducing and/or 
controlling intraocular pressure may be varied so as to 
obtain a desired therapeutic response to a particular 
composition. Generally, the active compound will be 
administered as an isotonic aqueous solution of from 
0.00001 to 1.0 (w/v) percent concentration. More 
preferably the active compound will be administered as an 
isotonic aqueous solution of from 0.00001 to 0.1 (w/v) 
percent concentration. 

The term "controlling intraocular pressure" as used 
herein means the regulation, attenuation and modulation of 
increased intraocular tension. The term also means that 
the decrease, in the otherwise elevated intraocular 
pressure, obtained by the methods and coa5>ositions of the 
invention- is maintained for a significant period of time 
as, for example, between consecutive doses of the 
composition of the invention. 

The novel renin inhibiting compounds of the invention 
may be the only active ingredient for controlling 
intraocular pressure in the methods and compositions of the 
invention or may be used in combination with other 
ingredients which control intraocular pressure such as 
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beta-adrenergic antagonist compomds • The term "beta- 
adrenergic antagonist" as used herein means a compound 
which by binding to betaadrenergic plasma membrane 
receptors reduces or eliminates sympathetic activity or 
blocks the effects of exogenously adminstered 
catecholamines or adrenergic drugs. Examples of beta- 
adrenergic antagonists are atenolol/ metopropol/ nadolol, 
propranolol, timolol/ labetalol, betaxolol, carteolol and 
dilevalol and pharmaceutically acceptable salts thereof. 
Most preferably the beta-adrenergic antagonist is timolol. 

Timolol is currently used for treating glaucoma or 
reducing and/or controlling intraocular pressure, but it 
has a number of adverse side effects. Accordingly, 
administration of a composition comprising a combination of 
a beta-adrenergic antagonist and a novel renin inhibiting 
coii^^ound of the invention could produce a reduction in 
intraocular pressure equivalent to that produced by a beta- 
adrenergic antagonist alone, but at a reduced dose level of 
the beta-adrenergic antagonist. This will result in a 
reduced level of the beta-adrenergic antagonist related 
adverse side effects. 

The combination conposition is administered as a 
single dosage form containing both the novel renin 
inhibitor and the beta-adrenergic antagonist. The beta 
adrenergic antagonist may comprise from 5 mg to about 125 
mg of the composition of the invention. The preferred 
ranges of the conponents in the conqposition of the 
invention in unit dosage form are: 

Renin inhibitor: 1 ng to 0.1 mg 

Beta-adrenergic antagonist: 5 ug to 125 ug 
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When the beta-adrenergic antagonist and the novel 
renin inhibitor are administered as separate compositions 
the present invention relates to a kit comprising in two 
separate containers a pharmaceutically acceptable beta- 
adrenergic antagonist composition and a pharmaceutically 
acceptable novel renin inhibitor composition, in a single 
package. A preferred kit comprises a beta-adrenergic 
antagonist composition and a topical novel renin inhibitor 
composition. A most preferred kit comprises a topical 
ophthalmological beta-adrenergic antagonist composition, and 
a topical ophthalmological novel renin inhibitor 
composition . 

The novel renin inhibiting compoxinds of the invention 
may also be administered in combination with an angiotensin 
converting enzyme (ACE) inhibiting compound. Examples of 
angiotensin converting enzyme inhibiting compoiinds are 
captopril and enalapril. As was previously mentioned, ACE 
inhibitors have some undesirable side effects. 
Accordingly, administration of an ACE inhibitor in 
combination with a renin inhibitor could produce a 
reduction in intraocular pressure greater than or 
equivalent to that of an ACE inhibitor alone, but at a 
reduced dose level of the ACE inhibitor. This will result 
in a reduced level of the ACE inhibitor related adverse 

side effects. 

The combination composition is administered as a 
single dose form containing both the novel renin inhibitor 
and the angiotensin converting enzyme inhibitor. The ACE 
inhibitor may comprise from 5 ng to about 50 ug of the 
corapositon of the invention. The preferred ranges of the 
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components in the con?>osition of the invention in xanit 
dosage form are: 

Renin inhibitor: 1 ng to 0.1 mg 

ACE inhibitor: 5 ng to 50 ug 

When the AC3: inhibitor and the novel renin inhibitor 
are administered as separate compositions the present 
invention relates to a kit comprising in two separate 
containers a pharmaceutically acceptable ACE inhibitor 
con5)osition and a pharmaceutically acceptable novel renin 
inhibitor composition^ in- a single package. A preferred 
kit conqprises an ACE inhibitor composition and a topical 
novel renin inhibitor composition. A most preferred kit 
coinprises a topical ophthalmological ACE inhibitor 
composition and a topical novel renin inhibitor 
composition. 

Dosage levels of the active compo\inds in the 
compositions of the invention may be varied so as to obtain 
a desired therapeutic response depending on the route of 
administration^ severity of the disease and the response of 
the patient. 

Topical, ophthalmic and systolic administration of 
steroidal antiinflammatory agents can cause an increase in 
intraocular pressure. The increase in intraocular pressure 
can be reduced by the administration of a novel renin 
inhibiting conqpound of the invention. Steroidal 
antiinflammatory agents include hydrocortisoner cortisone, 
prednisone, prednisolone, dexamethasone, 
methylprednisolone, triamcinolone, betaiaethasone, 
alclometasone, flunisolide, beclomethasone, clorocortolone, 
diflorasone, halcinonide, fluocinonider fluocinolone, 
desoximetasone, medrysone, paramethasone, and 
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fluororaetholone, and their pharmaceutically acceptable 
salts and esters. Preferred steroidal antiinflammatory 
agents are hydrocortisone, prednisolone, dexamethasone, 
medrysone and fluorometholone and their pharmaceutically 
acceptable salts and esters. The novel renin inhibitor is 
administered after use of a steroidal antiinflammatory 
agent or at the same time, causing reduction and/or control 
of intraocular pressure. 

Various combinations of a topical or oral or 
injectible dosage form of a steroidal antiinflammatory 
agent and a topical or oral dosage form of the novel renin 
inhibitor may be used. A preferred combination comprises a 
topical steroidal antiinflammatory and a topical novel 
renin inhibitor. More preferred is a topical ophthalmic 
dosage form comprising both a steroidal antiinflammatory 
and a novel renin inhibitor. 

When the steroidal antiinflammatory agent and the 
novel renin inhibitor are administered as separate 
compositions the present invention relates to a kit 
comprising in two separate containers a pharmaceutically 
acceptable steroidal antiinflammatory agent composition and 
a pharmaceutically acceptable novel renin inhibitor 
composition, in a single package. A preferred kit 
comprises a steroidal antiinflammatory con5>osition and a 
topical novel renin inhibitor composition. A most 
preferred kit comprises a topical ophthamological steroidal 
antiinflammatory composition and a topical ophthamological 
novel renin inhibitor composition. 

The combination composition of the invention may 
contain from about 0.00001 to 1.0 (w/v) percent of the 
novel renin inhibitor for combined or separate topical 
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administration. More preferably the amoxant of the novel 
renin inhibitor is about 0.00001 to 0.1 (w/v) percent of 
the coiaposition. The amount of the novel renin inhibitor 
in a unit dosage form for topical administration to the eye 
is from about 5 ng to about 0.5 mg, preferably from about 5 
ng to about 25 ng. The dose required will depend on the 
potency of the particular novel renin inhibitor ^ the 
severity of the intraocular pressure increase and the 
response of the individual patient. 

The combination composition of the invention may 
contain from about 0.05 to 1.5 (w/v) percent of the 
steroidal antiinflammatory for combined or separate topical 
administration. The amount of the steroidal 
antiinflammatory in a unit dosage form for topical 
administration to the eye is from about 20 ug to about 600 
ug. The dose required will depend on the potency of the 
particular steroidal antiinflammatory, the severity of the - 
disease and the response of the individual patient. 

When the steroidal antiinflammatory agent of the 
combination therapeutic method of the invention is 
administered other than ophthalmically, appropriate doses 
aire well known in the art. 

The compositions of the invention may include other 
therapexitic agents in addition to the novel renin 
inhibitor, and other agents which reduce and/or control 
intraocular pressiire. 

The effect on intraocular pressure of the novel 
con5>ounds of the invention can be determined in rabbits by 
using the following method. 
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^ a. Method The antiglaucoma activity of the compounds 

was tested by measuring the effect on intraocular pressure 
in rabbits as described by Tinjum, A.M., Acta 
Ophthalmologica, SH, 677 (1972). Male albino. New Zealand 
rabbits were placed in restraining devices and the 
intraocular pressure was measured with an applamatic 
tonometer. Exactly 0.1 ml of an isotonic saline solution 
containing a test compound was instilled into the 
conjuctival sac and the intraocular pressure was measured 
at 5, 15, 30, 60, 90, 120 and 180 minutes afterwards. 

' The present invention is also directed to the use of 
compounds of the formula I in combination with one or more 
antihypertensive agents independently selected from 
diuretics, adrenergic blocking agents, vasodilators, 
calcium channel blockers, angiotensin converting enzyme 
(ACE) inhibitors, potassium channel activators and other 
antihypertensive agents. 

Representative diuretics include hydrochlorothiazide, 
chlorothiazide, acetazolamide, amiloride, bumetanide, 
benzthiazide, ethacrynic acid, furosemide, indacrinone, 
metolazone, spironolactone, triamterene, chlorthalidone and 
the like or a pharmaceutically acceptable salt thereof. 

Representative adrenergic blocking agents include 
phentolamine, phenoxybenzamine, prazosin, terazosin, 
tolazine, atenolol, metoprolol, nadolol, propranolol, 

^. timolol, carteolol and the like or a pharmaceutically 

acceptable salt thereof. 
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Representative vasodilators include hydralazine, 
minoxidil/ diazoxide, nitroprusside and the like or a 
phaLrmaceutically acceptable salt thereof. 

Representative calcium channel blockers include 
amrinone, bencyclane^ diltiazem, fendiline^ flunarizine^ 
nicardipine, nimodipine, perhexilene^ verapamil, 
gallopamil, nifedipine- and the like or a pharmaceutically 
acceptable salt thereof. 

Representative ACE inhibitors include captopril, 
enalapril, lisinopril and the like or a pharmaceutically 
acceptable salt thereof. 

Representative potassium channel activators include 
pinacidil and the like or a pharmaceutically acceptable 
salt thereof. 

Other representative antihypertensive agents include 
sympatholytic agents such as methyldopa, clonidine, 
guanabenz, reserpine and the like or a pharmaceutically 
acceptable salt thereof. 

Synergistic combinations of a compound of formula I 
with one or more of the above-mentioned antihypertensive 
agents are useful for the treatment of hypertension or 
congestive heart failiire. 

The compound of formula I and the antihypertensive 
agent can be administered at the recommended maximum 
clinical dosage or at lower doses. Dosage levels of the 
active coirqDounds in the compositions of the invention may 
be varied so as to obtain a desired therapeutic response 
depending on the route of administrationr severity of the 
disease and the response of the patient. The combination 
can be administered as separate compositions or as a single 
dosage form containing both agents. 
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In addition, the present invention is directed to the 
use of a compotjnd of formula I to inhibit retroviral 
proteases and in particular to inhibit HIV-1 protease and 
HIV-2 protease. Compounds of formula I are useful for 
treatment or prophylaxis of diseases caused by 
retroviruses, especially acquired immune deficiency 
syndrome or an HIV infection. 

The antiviral activity of compounds of the invention 
can be demonstrated using the following method. 

A mixture of 0-1 ml (4 X lO^ cells/ml) of H9 cells and 
0.1 ml (100 infectious units) of HIV-I3B was incubated on a 
shaker for 2 h. The resulting culture was washed three 
times, resuspended into 2 ml of -medium, and treated with 10 
111 of the con?>ound of the invention (5 mM in 
dimethylsulf oxide) . The control culture was treated in an 
identical manner except the last step was omitted. After 
incubation of the culture for eight days without change of 
medium, an aliquot (0.1 ml) of the supernatent was 
withdrawn and incubated with fresh H9 cells on a shaker for 
2 h. The resulting culture was washed three times, 
resuspended into 2 ml of medium, and incubated. Virus 
infectivity was determined using the Abbott HTLV-III 
antigen E.I. A. method (Paul, et al., J. Med. Virol., 22. 357 
(1987)). 

The foregoing is merely illustrative of the invention 
and is not intended to limit the invention to the disclosed 
compounds. Variations and changes which are obvious to one 
skilled in the art are intended to be within the scope and 
nature of the invention which are defined in the appended 
claims . 
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CTiAIMS 

mAT IS CLAIMED IS: 

1. A compound of the formula: 




wherein X is 

(I) N, 

(II) O or 

(III) CH; 

is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl, 

(V) heterocyclic, or 

(VI) Rg-Q- wherein 
1) Rg is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino. 
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V) (alkoxyalkyl) (alkyl) amino, 

vi) (alkoxyallcoxyalkyl) (alkyl) aminO/ 

vii) aryl, 

viii) arylalkyl/ 

ix) aminoalkyl, 

x) (N-pr otected) aminoalky 1 / 

xi) alkoxy, 

xii) siabstituted loweralkyl wherein 
the substituent is selected from 
alkoxy, thioalkoxy, halogen, 
alkylamino, (N-protected) (alkyl) amino 
and dialkylamino. 



wherein m is 1 to 5 and is 
hydrogen, hydroxy, alkoxy, thioalkoxy, 
alkoxyalkoxy, polyalkoxy, amino, 
(N-protected) conino, alkylamino, 
(N-protected) (alkyl) amino or 
dialkylamino; or 
xiv) 



xiii) 




(CH2)m 



o 



N 



wherein Rg is O, S, SO2, 0-C or RgN 
wherein Rg is hydrogen, loweralkyl or 
an N-protecting group; and 
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2) Q is 

i) C=0 or 

ii) CR^, 

with the proviso that X is N when R^^ is 
an N-protecting group; 

(VII) R54S(0)2- »Aerein Rg^ is 

1) aitiino, 

2) all^lamino, 

3) dialkylamino, 

4) loweralkylr 

5) haloalkyl, 

6) aryl, 

7) p-biphenyl, 

8) heterocyclic or 

(VIII) (R55) 2^ (0) - wherein R^^ is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino; 

A and L are independently selected from 

(I) absent, 

(II) C=0, 

(III) SO2 and 

(IV) CH2; 

D is 

(I) C=0, 

(II) SO2 or 

(III) CH2; 
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Y is 

(I) N or 
(ID CH; 

R2 is 

(I) hydrogen, 
dl) loweralkyl, 

(III) cycloalkylalkyl/ 

(IV) -CH2-RiQ-(CH2)q-Rii wherein 

1) q is 0, 1 or 2, 

2) R^Q is absent or R^q is 0^ NH 
or S only when q is 1 or 2, and 

3) K^^ is 

i) aryl or 

ii) heterocyclic; 

Z is 

(I) hydrogen or 

(II) -^28^^°^ ^9' '^283(0)2^29 ox -R28-C(S)R29 

wherein 

1) Rgg is 

i) NH, 

ii) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 

iii) CHj and 

2) R^s 

i) alkoxy, 

ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylamino, 

v) aryl or 
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vi) heterocyclic; 

R3 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl/ 

(IV) cycloalkylalkylr 

(V) cycloalkenylcakylr 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 
(Villi) (alkoxyalkoxy) alkyl, 

(IX) (polyalkoxy) alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl; 

n is 0 or 1; and 

T is a mimic of the Leu-Val cleavage site of 
angiotensinogen; 

or a pharmaceutically acceptable salt, ester or prodrug 
thereof; 

with the proviso that T is not 

. NHCH(R4)CH(OH)CH2CH(R2b)C(0)NHCH(R27)C(0)NHCH2 

wherein K^e loweralkyl and R^^ is loweralkyl, when 
X-R^ is CE^r and n is 0; and A is absent or CH2; and D is 
C=0; and L is CH^; and Y is N; and R2 is loweralkyl, 
cycloalkylmethyl, -CH2(CH2)qRii wherein q is 0, 1 or 2 and 
R is aryl or heterocyclic; Z is hydrogen or -NHC(0)R2g 
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wherein Rjg is alkoxy, benzyloxy or an unsubstituted or 
substituted heterocyclic; and R3 is loweralkyl, -CHjSCHj, 
benzyl/ (unsubstituted heterocyclic) methyl or (substituted 
heterocyclic) methyl; and is loweralkyl, cydoalkylmethyl 
or benzyl. 

2. The compound of Claim 1 wherein X is N; R^^ is an 
N-protecting group or R54S(0)2- wherein R54 is unsubstituted 
heterocyclic or substituted heterocyclic; or R^^-X taken 
together is CE^! A is CHg; D is C=0; L is CH^f ^ is N; R2 
is benzyl; R3 is loweralkyl or (heterocyclic) alkyl; Z is 
-NHS(0)2R29 wherein R29 is phenyl, substituted phenyl, 
unsubstituted heterocyclic or substituted heterocyclic; and 
n is 0. 

3. A compound of the formula: 




wherein X is . 

(I) N, 

(II) O or 

(III) CH; 

Rj^ is 

(I) absent, 

(II) hydrogen. 
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(III) an N-protecting group^ 

(IV) aryl^ 

(V) heterocyclic, or 

(VI) R^-Q- wherein 



1) Rg is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino, 

V) (alkoxyalkyl) ( alky 1) amino, 

vi) (alkoxy alkoxyalkyl) (alkyl) amino, 

vii) aryl, 

viii) arylalkyl, 

ix) aminoalkyl, 

X) (N-protected) aminoalkyl, 

xi) alkoxy, 

xii) siabstituted loweralkyl wherein 
the substituent is selected from 
alkoxy, thioalkoxy, halogen, 
alkylamino, (N-protected) (alkyl) amino 
and dialkylamino, 

xiii) 



hydrogen, hydroxy, alkoxy, thioalkoxy, 
alkoxyalkoxy, polyalkoxy, amino, 
(N-pr ot ect ed) amino , alkylamino , 




(CH2)m 



wherein m is 1 to 5 and R^ is 



4 
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(N-protected) (alkyl) amino or 

dialkylamino; or 

xiv) 

Rs^ \ 

wherein Rg is 0, Sr SO2/ 0=C or RgN 
wherein Rg is hydrogen, loweralkyl or 
an N-protecting group; and 

2) Q is 

i) C«0 or 

ii) 

with the proviso that X is N when Rj^ is 

an N-protecting group; 

(VII) ^545(0)2- wherein Rg^ is 

1) amino, 

2) alkylaminor 

3) dialkylamino, 

4) loweralkyl r 

5) haloalkyl, 

6) aryl, 

7) p-biphenyl, 

8) heterocyclic or 

(VIID (R55)2^<^>" wherein R55 is 

1) alkoxy, 

2) alkylamino or 

3) dialkylamino; 



A and L are independently selected from 
(I) absent. 
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(II) C=0, 

(III) and 

(IV) CH2; 

D is 

(I) 0=0, 

(II) SO2 or 

(III) CH2; 

Y is 

(I) N or 
(ID CH; 

R2 is 

(I) hydrogen, 

(II) lowerall^l, 

(III) cycloalkylalkyl, 

(IV) -CH2"^0"^™2^q"^l w*^®'^®^ 

1) q is 0, 1 or 2, 

2) is absent or R^q is O, NH 
or S only when q is 1 or 2, and 

3) R^j^ is 

i) aryl or 

ii) heterocyclic; 

Z is 

(I) hydrogen or 

(II) -R28C(0)R2g/ -R28S(0)2R29 or -R28-C(S)R29 

wherein 
1) R2g is 

i) NH, 5, 
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ii) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 
ii) CHj and 

2) is 
i> alkoxy, 

ii) benzyloxy, 

iii) alkylamino^ 

iv) dialkylamino, 

v) aryl or 

vi) heterocyclic; 

R2 is 

(I) hydrogen^ 

(II) loweralkyl/ 

(III) loweralkeny 1 / 

( IV) cycloalkylalkyl, 

(V) cy cloalkenylalkyl t 

(VI) alkoxyalkyl, 

(VII) thioalkoxyalkyl, 
(VIIII) (alkoxyalkoxy) alkyl, 

(IX) (polyalkoxy) alkyl^ 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl ; 

n is 0 or 1; 
R4 is 

(I) loweralkyl r 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 
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wherein 

1) M is 

i) O, 

ii) S or 

iii) NH; ' 

2) Q is 

i) O or 

ii) S; 

3) E is 

i) O, . 

ii) S, 

iii) CHRgj^ wherein Rg^^ is 

lower alky 1, 

iv) C«=CH2 or 

v) NRj^g wherein R^^ is 

a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl. 
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d) hydroxy/ 

e) alkoxy/ 

f ) amino or 

g) alkylamino; 

and 

4) G is 

i) absent, 

ii) or 

iii) NRj^g wherein R^g is 
hydrogen or loweralkyl, 

with the proviso that when G is NRj^g/ 
then is loweralkyl. or 
hydroxyalkyl; 

(III) /~~\ 
-(CH2)v-C(0)— N^^^R2l 

wherein 

1) V is 0 or 1 and 

2) is 
i> NH, 

ii) 0, 

iii) S or 

iv) SOg; or 

(IV) a substituted methylene group; 

or a pharmaceutically acceptable salt, ester or prodrug 
thereof; 

with the proviso that R5 is not 



CH2CH(R26)C(0)NHCH(R27)C(0)NHCH2 
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wherein is loweralkyl and Rj-y is loweralkyl, when 

X-Rj^ is CH2; and n is 0; and A is absent or CHg; and D is 
C=0; and L is CH2; and Y is N; and Rj is loweralkyl, 
cycloalkylmethyl, -CH2 {CH2) ^R^^^^ wherein q is 0, 1 or 2 and 
R^^ is aryl or heterocyclic; Z is hydrogen or -NHC(0)R2g 
wherein is alkoxy,. benzyloxy or an unsubstituted or 
substituted heterocyclic; and R3 is loweralkyl, -CH2SCH3, 
benzyl, (unsubstituted heterocyclic) methyl or {substituted 
heterocyclic) methyl . 

4. A compound of the formula: 




wherein R^ is 

(I) absent, 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl, 

(V) heterocyclic, or 

(VI) Rg-Q- wherein 
1) Rg is 

i) loweralkyl, 

ii) amino, 

iii) alkylamino, 

iv) dialkylamino. 
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V) (alkoxyalkyl) (alkyl) amino, 

vi) (alkoxyalkoxyalkyl) (alkyl) amino, 

vii) aryl, 

viii) arylalkyl, 

ix) aminoalkyl, 

X) (N-protected> aminoalkyl, 

xi) alkoxy, 

xii) substituted loweralkyl wherein 
the substituent is selected from 
alkoxy, thioalkoxy, halogen, 
alkylamino, (N-protected) (alkyl) amino 
and dialkylamino, 

xiii) 



(CH2)ni 

wherein m is 1 to 5 and is 
hydrogen, hydroxy, alkoxy, thioalkoxy, 
alkoxyalkoxy, polyalkoxy, amino, 
(N-^rotected) amino, alkylamino, 
<N-protected) (alkyl) amino or 
dialkylamino; or 
xiv) 




wherein Rg is 0, S, SO^, 0=C or RgN 
wherein Rg is hydrogen, loweralkyl or 
an N-protecting group; and 
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2) Q is 

i) C=0 or 

ii) CH2, 

with the proviso that X is N when is 
an N-protecting group; 

(VII) R5^S(0)2- »rtierein R^^ is 

1) amino, 

2) aakylamino, 

3) dialkylamino/ 

4) loweralkyl, 

5) haloalkyl, 

6) aryl, 

7) p-biphenyl, 

8) heterocyclic or 

(VIII) (^55)2^^°^"' **erein R^g is 

1) alkoxy, 

2) alkylamino or 

3 ) dialkylamino ; 

O and L are independently selected from 

(I) C=0, 

(II) SO2 and 

(III) CH2; 

R2 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) cydoall^lalkyl, 

(IV) -CH2-R3^Q-(CH2)q-R3^i wherein 

1) q is 0, 1 or 2, 

2) is absent or R^^q is 0, NH 
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or S only when q is 1 or 2, and 
3) R^^ is 

i) aryl or 

ii) heterocyclic; 

Z is 

(I) hydrogen or 

(ID -R28C(0)R29/ -R28S(0)2R29 or -R28-C(S)R29 
wherein 

1) R^Q is 

i) NH, 

ii) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 

ii) and 

2) R29 is 

i) alkoxy, 

ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylamino, 
V) aryl or 

vi) heterocyclic; 

R3 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl, 

( IV) cycloalkylalkyl , 

(V) cycloalkenylalkylr 

(VI) alkoxyalkyl/ 

(VII) thioalkoxyalkyl/ 
(Villi), (alkoxyalkoxy)alkyl. 
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(IX) (polyalkoxy) alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl; 

R4 is 

(I) loweralkyl, 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 

Re is 




wherein loweralkyl, 
(II) 

Q 



wherein 

1) M is 

i) O', 

ii) S or 

iii) NH; 

2) Q is 

i) O or 

ii) S; ^ 

3) E is 

t 
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i) O, 

ii) S, 

iii) CHRgj^ wherein Rg^^ is 

loweralkyl/ 

iv) C^CHj or 

V) NRj^g wherein R^g is 

a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy, 

e) alkoxy, 

f ) amino or 

g) alkylamino; 

and 

4) G is 

i) absent, 

ii) CHj or 

iii) NR^g wherein R^g is 
hydrogen or loweralkyl, 

with the proviso that when G is NR^^g, 
then Rj^g is loweralkyl or 
hydroxyalkyl; 
CIII) 



>(CH2))rC(0)— ^Rzi 

wherein 

1) V is 0 or 1 and 

2) " 

i) NH, 

ii) O, 
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iii) S or 

iv) SOj; or 



(IV) a substituted methylene group; 
or a pharmaceutically acceptable salt, ester or prodrug 
thereof. 



5. A compound of the formula: 




wherein A is 

(I) absent, 

(II) C=0, 

(III) SO^ or 

(IV) CE^r 

D and L are independently selected from 
(I) 

(II) and 

(III) CHg; 

R2 is 

(I) hydrogen, 

(II) loweralkyl, 

(III) cycloalkylalkyl, 

(IV) -CR^-^Q- ^^^2^"^!! 
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1) q is 0, 1 or 2, 

2) Rj^Q is absent or R^^q is 0, NH 
or S only when q is 1 or 2, and 

3) R^^ is 

i) aryl or 

ii) heterocyclic; 



Z is 

(I) hydrogen or 

(II) -R28C(0)R29r -R28S (O) 2R29 or -R28-C (S>R29 

wherein 

1) R28 is 

i) NH, 

ii) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 

ii) CHj and 

2) R29 is 

i) alkoxy, 

ii) benzyloxy, 

iii) alkylamino, 

iv) dialkylaminor 
V) aryl or 

vi) heterocyclic; 



R3 is 

(I) hydrogen, 

(II) loweralkyl, 

( III ) loweralkeny 1 , 

(IV) cycloalkylalkyl, 

(V) cy cloalkeny lalkyl , 

(VI) alkoxyalkyl. 
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(VII) thioalkoxyalkyl, 
(Villi) (alJcoxyalkoxy)alkyl, 
{ IX) (polyalkoxy ) alkyl , 

(X) arylalkyl or 

(XI) (hetero^dic) alkyl; 



R4 is 



(I) loweralkyl, 

(II) cycloalkylalkyl or 

(III) arylalkyl; and 



R5 is 



(1) 1 




> 



wherein R^^ loweralkyl, 
(II) 

Q 

wherein 

1) M is 

i) 0, 

ii) S or 

iii) NH; 

2) Q is 

i) 0 or 



3 
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ii) S; 

3) E is 

i) 0, 

ii) S, 

iii) CHRgj^ wherein Rg^^ is 

loweralkyl, 

iv) C=CH2 or 

V) NRj^g wherein K^q is 

a) hydrogen, 

b) loweralkyl, 

c) hydroxyalkyl, 

d) hydroxy/ 

e) alkoxy, 

f ) amino or 

g) alkylamino; 

and 

4) G is 

i) absent, 

ii) or 

iii) NR-^g wherein R^g is 
hydrogen or loweralkyl, 

with the proviso that when G is NR^^, 
then ^18^^ loweralkyl or 
hydroxyalkyl; 



(III) 



-(CH2)v-C(0)— ^ R2i 



wherein 

^ 1) V is 0 or 1 and 



2) is 
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i) NH, 
ii) 

iii) S or 

iv) SO2; or 

(IV) a substituted methylene group; 
or a phannaceutically acceptable salt, ester or prodrug 
thereof. 



6. A compound selected from the group consisting of: 
3- (3-Thiazolyl) -2- (3R-ben2yl~4-N- (N-methylpiperazyl) - 
sulfonyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
Butyl 5 (S) -amino-6-cyclohexyl-4 (S) --hydroxy-2 (R) - 
isopropylhexan-amide; 

3- (3N-tert-butyloxycarbonyl-2-imidazolyl) -2- (3R-benzyl-4-N- 
(N-methylpiperazyl) -sulf onyl-2-keto-pipera2in-l-yl) - 
propionic acid Amide of (2'Srl'R,5S)-3-Ethyl-5-(l'-hydroxy- 
2 ' -amino-S ' -cyclohexylpropyl) oxa20lidin-2-one; 
3- (2-imidazolyl) -2- (3R-benzyl-4-N- (N-methylpiperazyl) - 
sulfonyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
(2' S, 1 'R, 5S) -3-Ethyl-5- (1 » -hydroxy-2 ' -amino-3 « - 
cyclohexylpropyl) oxazolidin-2-one ; 

3- (3-N-tert-butyloxycarbonyl-2-imida20lyl) -2- (3R-benzyl-4N- 
(N-methylpiperazyl) -sulfonyl-2-keto-piperazin-l-yl) - 
propionic acid Amide of 2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) - 
dihydr oxy- 6-methy Ihept ane ; 

3- (2-imidazolyl) -2- (3R-ben2yl-4N- (N-methylpiperazyl) - 
sulfonyl-2-keto-piperazin-l-yl) -propionic acid Amide of 
2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) -dihydroxy-6- 
methy Iheptane ; 
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3- (3-N-tert-butyloxycarbonyl-2-imida2olyl) -2- (3R-ben2yl-4N- 

(N-methylpiperazyl) -sulf onyl-2-keto-pipera2in-l-yl) - 
propionic acid Amide of (2S,4S,l'R,2'S)-2-(2'-amino-3'- 
cyclohexyl-1 • -hydroxypropyl) -4-methyltetrahydrof uran; 
3- (2-imida20lyl) -2- (3R-ben2yl-4N- (N-methylpipera2yl) - 
sulf onyl-2-lceto-pipera2in-l-yl) -propionic acid Amide of 

(2S, 4S, 1 'R/ 2 • S) -2- (2 • -amino-3 • -cyclohexyl-1 ' - 
hydroxypropyl ) -4-inethyltetrahydrof uran; 

(2S) - ( (3S) - ( (N-methylpiperazinsulfonyl) -aniino-3- 
phenylinethyl-2-oxo-l-piperidinyl) -3- (4-thia2olyl) -propionic 

acid amide of 2 (S) -Amino-l-cyclohexyl-3 (R) , 4 (S) -dihydroxy- 

5-methylheptane; 

(2S) -Methyl- ( (3S) - ( (N-methylpiperazinsulfonyl) 
amino-3-phenylmethyl-2-oxo-l-piperidinyl)-3- 
(4-thia2olyl) propionic acid amide of (2S,4S,l'R,2'S)-2-(2'- 
amino-3 • -cyclohexyl-1 • -hydroxypropyl) -4- 
methyltetrahydrofuran; and 

(2S) -2- ( (1-tert-butyloxycarbonyl) -i-imida20l-4-yl-methyl) - 
3- ( (3 (S)-(4-methyl-benzenesulfonyl) -amino-3-phenylmethyl-2- 
oxo-l-piperidinyl) amide of 2 (S) -Amino-l-cydohexyl- 
3 (R) , 4 (S) -dihydroxy-6-methylheptane; 

or a pharmaceutically acceptable salt, ester or prodrug 
thereof . 

7. The con^jound (2S) -((3S)-( (N- 
methylpipera2insulfonyl)-amino-3-phenylmethyl-2-oxo-l- 

piperidinyl) -3- (4-thia2olyl) -propionic acid amide of 
(2S, 3R, 4S) -2-amino-l-cyclohexyl-3, 4-dihydroxy-6- 
methylheptane; or a pharmaceutically acceptable salt, ester 
or prodrug thereof. 
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8. The compound (2S) -( (3S) (N- 
methylpiperazinsxilfonyl) amino-3-phenylmet:hyl-2-oxo-l- 
piperidinyl) -3- (4-thia2olyl) propionic acid amide of 
(2S, 4S, 1 'R, 2 ' S) -2- (2 ' -amino-3 ' -cyclohexyl-1 » - 
hydroxypropyl)-4-inethyltetrahydrofuran; or a 
phannaceutically acceptable salt, ester or prodrug 
thereof . 

9. A pharxoaceutical coicposition for inhibiting renin, 
comprising a pharmaceutical carrier and a therapeutically 
effective amount of a compoiind of claim 1. 

10. A method for inhibiting renin comprising 
administering to a host in need of such treatment a 
therapeutically effective amount of a compound of claim 1. 

11. A pharmaceutical composition for treating 
hypertension or congestive heart failure, comprising a 
pharmaceutical carrier and a therapeutically effective 
amount of a compound of claim 1. 

12. A method for treating hypertension or congestive 
heart failure comprising administering to a host in need of 
such treatment a therapeutically effective amount of a 
conpoxind of claim 1* 
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13. A compound of the formula: 




wherein X is 

(I) N, 
{ID O or 
(III) CH; 

is 

(I) absent/ 

(II) hydrogen, 

(III) an N-protecting group, 

(IV) aryl, 

(V) heterocyclic, or 
{VI ) Rg-Q- wherein 

1) R g is 

i) loweralkylr 
li) amino, 

iii) alkylamino, 

iv) dialkylamino, 

V) (alkoxyalkyl) (alkyl) amino, 

vi) (alkoxyalkoxyalkyl) (alkyl) amino, 

vii) aryl, 

viii) arylalkyl, 

ix) aminoalkyl, 

. X) (N-protected) aminoalkyl. 
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xi) alkoxy, 

xii) substituted lower alky 1 wherein 
the substituent is selected from 
alkoxy^ thioalkoxy, halogen, 
alkylaminor (N-protected) (alkyl) amino 
and dialkylamino, 

xiii) 

(CH2)m 

wherein m is 1 to 5 and is 
hydrogen, hydroxy, alkoxy, thioalkoxy, 
alkoxyalkoxy, polyalkoxy, amino, 
(N-protected) amino, alkylamino, 
(N-protected) (alkyl) amino or 
dialkylamino; or 
xiv) 

^/ \ 



wherein Rg is O, S, SO^^ 0=C or RgN 
" wherein Rg is hydrogen, loweralkyl or 

an N-protecting group; cuid 
2) Q is 

i) C=0 or 

ii) CHjr 

with the proviso that X is N when R^ is 
eui N-protecting group; 
(VII) R54S(0)2- wherein R^^ is 
1) amino. 
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2) 
3) 
4) 



alkylamino, 
dlalkylamino. 



loweralkyl, 
haloalkyl. 



•V 



5) 



6) . aryl, 

7) p-biphenyl, 

8) heterocyclic or 

(VIII) (R55)2P(0)- wherein R53 is 

1) alkoxy, 

2) alkylaraino or 

3) dialkylamino; 

A and L are independently selected from 

(I) absent/ 

(II) C=0, 

(III) SO2 and 

(IV) CHj; 

D is 

(I) c=0, 

(II) SO2 or 

(III) CHj; 

Y is 

(I) N or 

(II) CR; 

R2 is 

(I) hydrogen, 

(II) loweralkyl. 



(III) cycloalkylalkyl. 
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(IV) -CH2-Itj^Q-(CH2)q-i^3^ wherein 

1) q is 0/ 1 or 2, 

2) R^Q is absent or R^q is 0, 'UH, 
or S only when q is 1 or 2, and 

3) R^^ is 

i) aryl or 

ii) heterocyclic; 



is 

(I) hydrogen or 

(II) -R28^^°:^^9' -R28S (0)2^29 or -R28-C(S)R29 

wherein 

1) R28 is 

i) NH, 

ii) -N(R200)- wherein R200 is 
loweralkyl or benzyl or 

iii) dnd 

2) R29 is 

i) alkoxy, 

ii) benzyloxy/ 

iii) alkylamino, 

iv) dialky lamino , 

v) aryl or 

vi) hetesrocyclic; 

(I) hydrogen, 

(II) loweralkyl, 

(III) loweralkenyl, 

(IV) cydoalkylalkyl, 

(V) cyclosilkenylalkyl. 
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(VI) alkoxyalkyl, 

(VII) thioalkoxy alley 1/ 
(Villi) (allcoxyalkoxy)alkyl, 

(IX) (polyalkoxy)alkyl, 

(X) arylalkyl or 

(XI) (heterocyclic) alkyl; and 

n is 0 or 1; 

or an acid tialide or activated ester derivative thereof. 

14. A method for treating glaucoma or reducing and/ or 
controlling intraocular presure, comprising administering 
to a patient in need a therapeutically effective amount of 
a compovind of Claim 1. 

15. A method for inhibiting a retroviral protease, 
comprising administering to a patient in need a 
therapeutically effective amount of a compound of Claim 1. 

16. A method for treating a retroviral infection, 
comprising administering to a patient in need a 
therapeutically effective amount of a compound of Claim 1. 

17. A method for treating hypertension or congestive 
heart failure comprising administering to a host in need of 
such treatment a therapeutically effective amount of a 
compound of Claim 1 and another antihypertensive agent. 

18. A pharmaceutical composition for treating 
hypertension or congestive heart failure, comprising a 
pharmaceutical carrier and a therapeutically effective 
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amount of a compound of claim 1 and another 
antihypertexisive agent. 

19. A process for tlie preparation of the compound of 
Claim 1 comprising coupling a carboxylic acid of the 
formula 



or an acid halide or an activated ester derivative thereof r 
wherein n, Y, Z, X, Ri, R2 and R3 are as defined 

herein with an amine represented by H-T wherein T is as 
defined heredLn. 

20. The process of Claim 18 wherein H-T is 





H 



OH 



wherein R4 and R5 are as defined herein. 



INTERNATIONAL SEARCH REPORT 

International Application No . PCT/US89/04649 

t. CLASSIFICATION OP SUBJECT MATTER (it several classification symboit apply, indicate all) * 

According to International Patent ClassiQcBtion (IPC) 0/ to l>oin NaliQMlXlasstficatiop andJPC, , • / # ^i* n« j^^^ 

IPC(5): A61K 31/395, 31/415, 31/42, 31/425^, 31744,117445, 31/495. 31/505 
31/53 (continued) 

lU FIELDS SEARCHED 



Minimum Documentation Searched ' 



Classification System 


Classification Symbols 


us 


514/252 


544/295, 360,366 





Documentation Searched other than Minimum Oocumentaiion 
to the Eitent that such Documents are Included in the Fields Searched • 



Chemical Abstract online structure search 



III. DOCUMENTS CONSIOERCD TO BE RELEVANT • 



Category * 


Citation ol Oocutnent " with indication, where appropnate, ol ttie relevant passages 


Relevant to Claim No. > 


X 
Y 


US, A, 4,705,846 (Thaisrivangs) 
10 November 1989, See Preparations 
6-10, Examples 1-6 or Columns 25-26 
Column 9, lines 6-13 and Column 19 
cpds 9a and b 


13.19-20 
1-8,10,11,18 


Y 


US, A, 4,725,584 (LOLY) 16 February 1988 
See claims 


1-5,9-14 
17-20 


Y 


US, A, 4,680,284 (LOLY) 14 July 1987 
See claim 1 


1-5,9-14 
17-20 


Y 


US, A, 4,645,759 (LULY) 24 February 1987 
See claim 1, examples 90, 91 


1-5,9-14 
17-20 


Y 


US, A, 4,654,551 (LOLY) 24 March 1987 
See claims, examples 9, 18, 19 


1-5, 9-14 
17-20 


Y 


EP,B, 0,230,266 (ROSENBERG) 29 July 1987 
See example 108 


1-4,9-13 
18-20 


Y 


WO,B, 87/02581 (MATKINS) 7 May 1987 
See abstract 


14 



* special categones of cited documents: 

"A** document defining the general state ol the art «htch is not 

considered to be of particular relevance 
**E" earlier document Out published on or after the international 

filing date 

"L" document which may throw doubts on pnontv claim(s) or 
which is cited to estabUsh the publication date of another 
citation or other special reason (as soecified) 

*'0'* document referring to an oral disclosure, use. eshlbition or 
other means 

^'P" document pubiished prior to the international filing date but 
later than the priority date claimed 



"T* later document published after the international filing date 
or priority dale and not in conflict with the application but 
Cited to understand the pnnciple or theory underlying the 
invention 

"X" document of particular relevance: the claimed mvenhon 
cannot be considered novel or cannot be considered to 
involve an inventive step 

**Y** document of parbcular relevance: the claimed mvenfon 
cannot be considered to involve an inventive steo w^en the 
document is combined with one or more other such aocu- 
ments. such combination being obvious to a person sk*iied 
in the art. 

document member of the same patent family 



IV. cifrnncATioN 


Date of the Actual Completion of the International Search 

14 March 1989 


Date of Mailing of this InternationaLSfiaedi Report 

1 OAPR iSSu 


International Searching Authority 


Signature of Authorized 0^fsiy(\^^^^^^^^ ("2cr?> 

^^^D, G. Daus 


ISA/DS 



FeniiPCr4SAaiO(Meend sheeo (Rsv.ii^ 



PCT/US89/04649 

Continuation from Form 210, I. CXAS8ZFXC&TZ0N OF SUBJECT M&TTER 

IPC(5) 

C07D; 211/40, 223/06, 225/02, 233/54, 237/02, 239/04, 239/20, 
243/02, 243/04, 243/08, 263/30, 265/06, 265/32, 

267/02, 277/20 

US 514/18, 210, 211, 230.8, 231.5, 235.5, 237.2, 252, 255, 

514/326, 345 
530/332 
540/489, 492 

544/ 121, 129, 130, 132, 295, 357, 360 
544/369, 370, 384, 385, 392, 398 
546/209, 210, 216 
548/230 



JL2. 



1-8,10,11 
18 



Intemaiional Application No. pc'j;/US89 /046A9 

„ ■ rnil-tinf— ' " "^■-eVANT (CONTIMUE D FROM THE SECOW O SHEET) 

III. OOCUMEHTS C OH9IOER8P to ° _ „„.-,, i Rttovant to Cloim No 

I ,- - . ^^^^^^^^ ^^< " ' 

US, A, 4,758.584 (BUHLMAYER) 19 July 1988 j 
See column 45, line 15-29 

column 50 lines 30-65 
US,A, 4,755,592 (RADDATZ) 5 July 1988 
See claim 1 

US,A, 4,812,442. (BOGER> 14 March 1989 
Se4 column 5, lines 30-40 

WO,B, 88/05050 (FUNG) 14 J^lY If^^ , 
see ^xaa^les 67-8, 86-9, 109-118. 121-137| 

WO,B, 87/02374 (S HOSTAREZ) 7 April 1988 
See pages 53, formula XL7b 

EP,B, 0,228,192 (MORISAWA) 6 July 1987 
See examples 10-15 

AU,B, 76222/87 (RADDATZ) 4 February 1988 
See example 11, page 50 

US,A, 4,657,931 (BARAN) 14 April 1987 
See the claims 

US, A, 4,585,774 (TOMIHAGA) 29 April 1986 
Se4 column 10 lines 1-10, table xn 
column 17-18 

US, A, 3,796,703 (FAURAH) 12 March 1974 
See examples 1, 2 

US,A, 4,a26,815 (KJLY) 2 May 1989 
see examples 90, 91 and 102 

US, A, 4,725,580 (WAGHON) 16 February 1988 
Se4 claim 1 and the definitxons of 6 

CHEMICAL ABSTRACTS , Volume 108 , No . 5 , 
issued 1988, 1 February, (Columbus, Ohio, 
USA) BREIPOHL the abstract no. 38432a 
DE 3,608,248 



13, 19-20 



19-20 



1-5,9-14 
17-20 

1-5,9-14 
17-20 



(continued) 



B«>CW8«««(rt»lll*«*«'.tl-W) 



Appi.c.tK.nN.. pcTA)589/0A649 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



Y 


US, A, 3,121,717 (FISHER) 

xo j:ej3xua£y ^ oee coxulull XxIleS 
8-25 


1-4,18-20 


X 


US, A, 4,029,650 (RAYMOND) 14 June 1977 
See claim 1, 7 


13, 19-20 


A 


us, A, 4,548,926 (HATSUEDA) 
22 October 1985 




A 


WO,B, 87/05302 (THAISRIVANGS) 

13 February 1987, See pages 37-39 





•V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE « 



This international search report has not been established in respect of certain claims under Artlde t7(2) (a) for the following reasons: 
t.n Claim -numbers . because they relate to subtsct matter not required to be searched by this Authority, namely: 



2,n Claim numbers . because they relate to parts of the international appKcatton that do not comply with the prescribed reouire* 

ments to such an extent that no meaningful international search can be carried out ^\ specifically: 



Cteim number s ^ . b6eaus>ih>y aw detWfidefltcMro not drafted in accmdancftsiHihihfl second aitdtf^^ 
per Rjle 6.4(a). 

Vt.0 OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING' 

This International Searching Authority found multiple inventions in this international application as follows: 

PCT Bule 13.1 pezmits "one independent claim for a use" of the product. 

Since more than one patentably distinct use is claimed for each con5)oiind 
grGi9, the metho d of use claims do not ccoqply Tri.th PCI Rule 13,1. 

1, n As aO required additienal search fees were timely paid by the applicant; this international search repoit coveiB all searchable cu '-s 

of the international appDcabon. 

2. n As only some of the reqbi'red additional search Ices were trmeh, paid by the applicant this international search report covers o-W 

those claims of the international appBcabon for which fees were paid, specifically claims: 

xW No required addibonat search fees vmn timely paid by the applicant. Consequently, Utis'intemational search report is resi*^ cv • 
the invention first mentioned in the claims: it is covered by claim numbers: 1*8 « 10 , 11, 13, 18^20 

(partial eyaoept for claims 7 and 8) 

4.n As all searchable claims could be searched without effort lusbfying an addibonal fee. the Intemabonal Searching Autho- 
^ invite payment of any addibonal fee. 

Remark on Protest 

n The additional search fees were accompanied by appHcanrs protest. 

n No protest accompanied the payment of additienal search fees. 



FonnPCIJISAiaiOCBupptamsisri stwii 0 (R«r. t VI7) 



